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[57] ABSTRACT

Methods of assaying the presence of enzymatically
active hydrolases (i.e., hydrolytic enzymes) in a sample
or specimen are disclosed. In particular, a method of
detecting candidiasis by assaying for the presence of
enzymatically active aspartic protease in a sample is
provided. In these methods, a sample or specimen is
contacted with a solid support. The solid support with
which the sample is contacted has a reporter enzyme
(1e., a signal generating enzyme) immobilized thereon.
The reporter enzyme is immobilized on the solid sup-
port in a manner such that it is released from the solid
support upon action of the enzymatically active hydro-
lase if the enzymatically active hydrolase is, in fact,
present in the sample. The sample after having been
contacted with the solid support is combined with an
indicator. The indicator is any chemical species which
1s susceptible to a detectable change, usually a change in
color, upon action of the reporter enzyme. A detectable
change 1n the indicator is an indication that the enzy-
matically active hydrolase is present in the sample.
Moreover, the presence of an enzymatically active hy-
drolase in a sample may indicate the presence of a par-
ticular pathogen or disease state such as, for example,
candidiasis. In addition to the methods of assaying for
the presence of enzymatically active aspartic protease
and other hydrolytic enzymes, a dry, self-contained test
device for assaying for the presence of an enzymatically
active hydrolase in a sample is disclosed. In particular,
a dry, self-contained test device for testing a sample for
the presence of candidiasis by assaying for the presence
of enzymatically active aspartic protease is also dis-
closed. These test devices combine a reporter enzyme
immobilized on a solid support, an indicator, and all
other reagents and components necessary to achieve a
detectable indication of the presence or absence of the
enzymatically active hydrolase whose presence is being
detected in the sample, and preferred embodiments
contain positive and negative controls as well.

19 Claims, 2 Drawing Sheets
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REPORTER ENZYME RELEASE TECHNOLOGY:
METHODS OF ASSAYING FOR THE PRESENCE
OF ASPARTIC PROTEASES AND OTHER
HYDROLYTIC ENZYME ACTIVITIES

FIELD OF THE INVENTION

This invention relates generally to methods of assay-
ing for the presence of hydrolase activity (i.e., hydro-
lytic enzymes) in a sample or specimen. In particular,
this mmvention relates to a method for detecting candidi-
asis by assaying for the presence of enzymatically active
aspartic protease in a sample.

BACKGROUND OF THE INVENTION

Candida albicans and other Candida species cause a
number of common, medically important infections.
Oral candidiasis, for example, is very common in pa-
tients with immunodeficiency. Moreover, vulvovaginal
candidiasis is one of the most frequent disorders in ob-
stetrics and gynecology. It has been estimated that ap-
proximately three-quarters of all adult women suffer
from at least one attack of this disease. (De Bernardis, et
al.,, J. Clin. Microbiol. 27(11):2598-2603 (1989)). As a
result of its wide-spread occurrence, extensive amounts
of research have gone into understanding the etiology
of candidiasis.

Research has demonstrated that Candida albicans and
other Candida species have an etiological involvement
in human candidiasis, and it is now generally believed
that candidiasis is caused primarily by the presence of
Candida albicans. Further, there is now considerable
evidence for a role of an aspartic protease or (inter-
changeably) acid proteinase as a virulence factor of
Candida albicans. 1t is known that pure cultures of Can-
dida albicans secrete an aspartic protease when grown
under precisely defined conditions. Similarly, it 1s
known that pure strains of Candida albicans isolated
from women with symptomatic vulvovaginitis release
this enzyme when they are subsequently grown in spe-
cifically defined culture medium.

Candida albicans acid proteinase antlgen 1.e., aSpal'th
protease antigen, has been detected mmunologlcally in
the vaginal fluid of all women from which vulvovaginal
Candida albicans was isolated. (De Bernardis, et al.,
Abstract No. F-91 In: Abstracts of the Annual Meetmg
of the American Society for Microbiology, (Anaheim,
Calif. 1990)). The concentration of Candida albicans
acid proteinase antigen, however, was significantly
higher in patients with symptomatic vulvovaginal can-
didiasis than in asymptomatic carders. The vaginal fluid
concentration of this antigen in women with candidiasis
is approximately 176-£15.2 ng/ml.,whereas the vaginal
fluid concentration of this antigen in women without
1solation of Candida albicans, 1.e., without clinical can-
didiasis, was less than 2 ng/ml. Asymptomatic Candida
albicans carders had intermediate antigen levels
(94+18.5 ng/ml). These findings are a strong indication
- that acid proteinase (i.e., aspartic protease) is involved
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in the pathogenesis of vulvovaginal candidiasis. Can- 60

dida albicans aspartic protease, however, is known to be
unstable at body temperatures. Moreover, detection of
the aspartic proteinase antigen immunologically did not
indicate whether the enzyme was present in an enzy-
matically active form.

Candida albicans acid proteinase is an extracellular
aspartic protease. Aspartic proteases are one of the
major classes of proteases. They contain one or more

65

2

key aspartic acid residues which are required for activ-
ity. Candida albicans aspartic protease has a broad pro-
tein substrate specificity which includes, for example,
albumin, hemoglobin, casein, immunoglobin A, and
many other proteins. This enzyme performs optimally
under acidic conditions (i.e., pH 2.5-5.5), and it is rap-
idly inactivated at a high pH (i.e, at pH 7.5). Candida
albicans aspartic protease is strongly inhibited by pep-
statin, but it is not inhibited by thiol reagents, chelators
or serine protease inhibitors.

Many pharmaceutical companies and leading acade-
micians are studying aspartic protease inhibitors for
potential therapeutic use. Their efforts, however, are
made difficult due to a lack of a suitable enzyme assay
for aspartic proteases. While simple colorimetric assays
are available for some serine, thiol, metallo, acid, and
alkaline proteases and peptidases, they are not available
for aspartic proteases. The substrate specificity of this
particular class of enzymes requires the presence of
several hydrophobic amino acids. This property has
greatly hindered the search for simple synthetic chro-
mogenic substrates because the hydrophobic amino
acids which serve as the substrate for aspartic proteases
are notoriously difficult to dissolve in water. As a result,
chromogenic substrates for aspartic protease are not
commercially available, are difficult to synthesize and
characterize, and are poorly water soluble. The net
effect of these limitations is that the enzyme activity as
defined by these chromogenic substrates is extremely
low and thus, colorimetric assays for aspartic protease
are quite insensitive. Similarly, fluorogenic substrates
have been described for aspartic proteases, but they,
too, are of limited utility. First, as previously men-
tioned, the substrate specificity of this particular class of
enzymes requires the presence of several hydrophobic
amino acids, rendering the substrates relatively insolu-
ble. Second, at the low achievable concentrations of
these substrates, the fluorogenic substrates are hydro-
lyzed very slowly and thus, fluorogenic assays are time-
consuming. In addition, many biological specimens
contain fluorescent materials which can interfere with
fluorogenic assays for aspartic proteases.

Due to the lack of suitable colorimetric or fluoro-
genic assays for the detection of aspartic proteases,
ultraviolet (UV) spectrophotometric assays are gener-
ally used to assay for the presence of this particular class
of enzymes. In typical UV spectrophotometric assays,
aspartic protease is added to a solution of protein (such
as, for example, hemoglobin or albumin) and the mix-
ture 1s mcubated at 30°-37° C. for 0.5 to 4 hours. After
incubation, cold, concentrated trichloroacetic acid
(TCA) is added to the chilled incubation mixture to
precipitate the undigested protein, leaving ultraviolet
light absorbing peptides in solution. Finally, the precipi- -
tated, undigested protein is pelleted by centrifugation
for approximately 1 hour at refrigerated temperatures,
the supernatant aspirated, and its Optical Density at 280
nm 1s determined to reflect the amount of protein hy-
drolysis. Although this assay can be used for the detec-
tion of aspartic proteases, it is both time-consuming and
laborious.

- To date, therefore, no convenient, simple, on-site
assay has been developed for detecting the presence of
enzymatically active aspartic proteases. Accordingly,
the present invention is directed to a method of assaying
for the presence of enzymatically active aspartic pro-
teases which overcomes the problems and disadvan-
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tages of the prior art. Further, the methods of the pres-.

ent invention are also useful for assaying for the pres-
ence of other known hydrolytic enzymes, i.e., hydro-
lases.

SUMMARY OF THE INVENTION

It has now been discovered that enzymatically active
Candida albicans aspartic protease is present in the vagi-
nal fluid of women with vulvovaginal candidiasis. It has
further been discovered that the presence of enzymati-
cally active aspartic protease in a sample or specimen
can serve as a marker for the detection and diagnosis of
candidiasis. Accordingly, a method has now been de-
veloped for detecting candidiasis by assaying for the
presence of enzymatically active aspartic protease in a
sample.

In this method, a sample, e.g., vaginal fluid, is con-
tacted with a solid support. The solid support with
which the sample is contacted has a reporter enzyme
(1.e., a signal generating enzyme) immobilized thereon.
The reporter enzyme is immobilized on the solid sup-
port in a manner such that it is released from the solid
support upon action of the enzymatically active aspartic
protease if the enzymatically active aspartic protease is,
in fact, present in the sample. The sample after having
been contacted with the solid support is combined with
an indicator. The indicator is any chemical species
which 1s susceptible to a visible or detectable change
(such as, for example, a change in color) upon action of
the reporter enzyme. If after contact with the sample
the indicator undergoes a detectable change, enzymati-
cally active aspartic protease is present in the sample
and, hence, it can be said that candidiasis is present.

Prior to the present invention, there was no rapid and
straightforward means of assaying for the presence of
enzymatically active aspartic proteases or, more impor-
tantly, candidiasis. Spectrophotometric, fluorogenic
and 1mmunological assays have been used to assay for
the presence of aspartic protease activity, but these
assays are time-consuming, laborious and not suitable
for use by untrained, on-site clinical personnel. Simi-
larly, Candida albicans can be detected by culturing a
specimen in a deemed media or by wet mount micros-
copy. The culturing procedure is very time-consuming
(ie., it takes approximately 48 hours), and both proce-
dures require expensive equipment and extensive train-
ing. In contrast to previously used assays, the presently
claimed method of assaying for the presence of enzy-
matically active aspartic protease and, in turn, candidia-
s1s 1s rapid, accurate, cost-effective, and simple to use.

The reporter enzyme release technology upon which
the aspartic protease assay is based can also be used to
assay for the presence of any active hydrolytic enzyme
including, but not limited to, the following: proteases or
(interchangeably) proteinases, peptidases, lipases, nucle-
ases, homo-oligosaccharidases, hetero-oligosacchari-
dases, homo-polysaccharidases, hetero-polysacchari-
dases, phosphatases, sulfatases, neuraminidases and este-
rases. Accordingly, methods of assaying for the pres-
ence of an enzymatically active hydrolase in a sample
have now been developed.

In these methods, a sample or specimen is contacted
with a solid support. The solid support with which the
sample 1s contacted has a reporter enzyme (i.e., a signal
generating enzyme) immobilized thereon. The reporter
enzyme 1s immobilized on the solid support in a manner
such that it is released from the solid support upon
action of the hydrolase if the enzymatically active hy-
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4
drolase is, in fact, present in the sample. The sample
after it has been contacted with the solid support is
combined with an indicator. The indicator is any chemi-
cal species which is susceptible to a detectable change,
usually a change in color, upon action of the reporter
enzyme. A detectable change in the indicator is an indi-
cation that the enzymatically active hydrolase is present
in the sample. Conversely, the lack of a detectable
change in the indicator is an indication that the enzy-
matically active hydrolase is absent from the sample. As
with the assay for enzymatically active aspartic prote-
ase and, in turn, candidiasis, the presently claimed meth-
ods of assaying for the presence of an enzymatically
active hydrolase in a sample are rapid, accurate, cost-ef-
fective, and simple to use.

Moreover, the reporter enzyme release technology
upon which the above methods are based can also be
used to assay for the presence of an inhibitor of any
known hydrolytic enzyme, including, but not limited to,
the following: inhibitors of the proteases or (inter-
changeably) proteinases, peptidases, lipases, nucleases,
hetero-oligosaccharidases,
homo-polysaccharidases,  hetero-polysaccharidases,
phosphatases, sulfatases, neuraminidases and esterases.
Accordingly, methods of assaying for the presence of a
hydrolase inhibitor in a sample have now been devel-
oped.

In these methods, a sample or specimen is contacted
with a target hydrolase and a solid support. The solid
support with which the sample is contacted has a re-
porter enzyme (i.e., a signal generating enzyme) immo-
bilized thereon. The reporter enzyme is immobilized on
the solid support in a manner such that it is released
from the solid support upon action of the target hydro-
lase provided the target hydrolase is not inactivated due
to the presence of the hydrolase inhibitor. The sample
after it has been contacted with the target hydrolase and
the reporter enzyme is combined with an indicator. The
indicator is any chemical species which is susceptible to
a detectable change, usually a change in color, upon
action of the reporter enzyme if the reporter enzyme
has been released from the solid support by the target
hydrolase. In the event that the target hydrolase inhibi-
tor is not present in the sample, the target hydrolase will
release the reporter enzyme from the support, thereby
producing a detectable change in the indicator. Con-
versely, if the target hydrolase inhibitor is present the
sample, the target hydrolase will be inhibited, the re-
porter enzyme will not be released from the solid sup-
port, and a detectable change or response will not be
produced in the indicator. As with the previously de-
scribed methods, the presently claimed methods of as-
saying for the presence of a hydrolase inhibitor in a
sample are rapid, accurate, cost-effective, and simple to
use.

In addition to the methods of assaying for the pres-
ence of enzymatically active aspartic protease and the
activities of other hydrolytic enzymes, a dry, self-con-
tained test device has now been developed for testing a
sample for the presence of candidiasis by assaying for
the presence of enzymatically active aspartic protease.
Furthermore, a dry, self-contained test device for assay-
ing for the presence of an enzymatically active hydro-
lase 1n a sample has also been developed. These test
devices combine a reporter enzyme immobilized on a
solid support, an indicator, and one or more other rea-
gents mn dry form in a laminated panel with an internal
chamber, the chamber being a void space until the sam-
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ple is placed inside. For convenience, the parts of the
panel and the locations of the functional chemicals in
the panel will be described from a frame of reference in
which the panel 1s in a horizontal position, since this is
the most likely position which the panel will occupy
during use. With the panel in this position, particularly
for the preferred panels of this invention which are thin,
flat structures, the sample will be placed in the chamber
through an opening at the top of the panel. Of the lami-
nae forming the panel, the uppermost lamina in this
position, this lamina being the one through which the
sample 1s introduced, will be referred to as the top lam-
ina of the panel, the lower surface of this lamina form-
ing the upper surface of the chamber. Likewise, the
lowermost lamina of the panel will be referred to as the
bottom lamina of the panel, the upper surface of this
bottom lamina forming the lower surface of the cham-
ber. The thin edges along the perimeters of these top
and bottom laminae will be referred to as the side edges
of the panel, and the thin lateral extremities of the cham-
ber along the edges of its upper and lower surfaces will
be referred to as the side walls of the chamber. Regions
of any given surface which are adjacent to each other in
the same horizontal plane will be referred to as horizon-
tally adjacent, whereas lamina applied directly over
other laminae to form parallel horizontal planes will be
referred to as vertically adjacent.

The top, bottom, or both laminae of the panel are
fabricated of a light-transmitting, preferably transpar-
ent, material. The reporter enzyme immobilized on a
solid support, indicator and other components and rea-
gents needed for the test are arranged in one or more
laminae within the chamber, either as coatings on the
upper surface of the chamber, as coatings on the lower
surface of the chamber, or on both. The indicator is any
chemical species which is susceptible to a detectable
change, usually a color change, upon action of the re-
porter enzyme when it 1s released from the solid support
by the enzymatically active hydrolase whose presence
1s being detected. The lamina containing the indicator
may be on the upper or flower surface of the chamber.
One or more of the reagents needed for the test may be
included in the same lamina as the indicator, or in sepa-
rate laminae on the same surface or on the opposite
surface. In certain preferred embodiments of the inven-
tion, the indicator is contained in the lamina applied
directly underneath a light-transmitting wall and the
reporter enzyme immobilized on the solid support is
contained in the lamina applied to the opposing wall.

The reagents occupying the laminae may be selected
such that all that is needed to complete the test is the
addition of the sample plus a minimal number of addi-
tional reagents such as, for example, a developer. In
particularly preferred embodiments, however, the lami-
nae contamn all reagents needed other than the sample,
so that performance of the test requires nothing more
than addition of the sample.

All laminae are solid layers pnor to contact with the
sample, and the lamina containing the indicator is pref-
erably of a composition which is insoluble in the liquid
sample for which the test is designed, so that the indica-

tor remains in the lamina throughout the duration of the

test. For samples in either aqueous or water-soluble
media, therefore, the preferred indicator lamina is either
an indicator which is insoluble in water or an indicator
held 1n a matrix which is insoluble in water. With the
indicator thus retained in a thin concentrated lamina
directly underneath a light-transmitting wall, a change
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6
in the indicator which is detectable through the light-
transmitting wall occurs in a short period of time, re-
sulting in both high sensitivity and a fast result.

This invention may be adapted and used for tests for
a wide variety of hydrolases in test samples from a wide
variety of sources. Moreover, this invention may be
adapted and used for tests for a wide variety of hydro-
lase inhibitors. A test may involve either a single reac-
tion or a sequence of reactions culminating in a detect-
able change in the indicator, and the number add types
of reagents and reactions will accordingly vary from
one test to the next depending on which hydrolase is
being detected. In some cases, best results are obtained
when the pre-applied reacting species are distributed
between the upper and lower surfaces of the chamber
such that they are separated by a gap until the gap is
filled with the test sample. In other cases, the reacting
species may be placed in a common lamina or in two or
more distinct but vertically adjacent laminae on the
upper or lower surface of the chamber with no loss in
the reliability of the test. In all cases, however, the
laminae are constituted and arranged such that the reac-
tions which culminate in the detectable indicator
change occur only when the chamber is filled with the
test sample, and such that when the indicator change
does occur, it is at least concentrated in, and preferably
restricted to, the lamina immediately adjacent to a light-
transmitting wall. |

In preferred embodiments of the invention, the test
device includes a built-in positive control, a built-in
negative control, or both, all of which are activated by
the addition of a single specimen. The activation of
these controls occurs simultaneously with the perfor-
mance of the test, and detectable indications (such as,
for example, color changes or the lack thereof) repre-.
senting both the controls and the test, are achieved with
a single application of the specimen to the device and
are detectable through a light-transmitting wall. The
controls occupy positions on the device which are hori-
zontally adjacent to the test area, with appropriate indi-
cia on the upper or lower surface of the device, prefera-
bly the upper, to identify the controls and differentiate
them from the test. The controls themselves generally
consist of further laminae containing reagents or other
appropriate species which will either induce the detect-
able change in the indicator by themselves or prevent
the change from occurring, and will do so only when
the test sample is present and yet independently of the
presence or absence of the suspect hydrolase in the test
sample. Again, the choice of these controls and the
chemical mechanisms by which they function, as well as
the choice between placing these laminae on the same
surface of the chamber as the indicator or on the oppos-

ing surface, will vary from one test to the next.
Further preferred embodiments of the invention con-
tain additional features to enhance the performance of
the test. For water-based samples, the incorporation of
a surface-active agent in the laminae immediately adja-
cent to the gap to be filled with the sample will promote
the wetting of the laminae with the sample and the rapid
and uniform filling of the chamber. The surface-active
agent may be the sole functional ingredient in the lam-
ina or combined in the lamina with test reagents. Prefer-
ably, both sides of the gap are lined with laminae bear-
ing the surface-active agent. A sample introduction port
is included in the device to permit direct insertion of the
sample into the chamber, and preferred embodiments
include one or more vent holes in the chamber, spaced



5,416,003

7

apart from the sample introduction port, to further
facilitate the filling of the chamber.

Other features, objects and advantages of the inven-
tion and its preferred embodiments will become appar-
ent from the description which follows.

' BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a view in perspective of an illustrative test
device 1 accordance with the invention.

FIG. 2 15 a side view in cutaway of a portion of the
test device shown in FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED EMBODIMENT

In one aspect of the present invention, a method of
assaying for the presence of an enzymatically active
hydrolase in a sample is provided, the method compris-
ing: (a) contacting the sample with a solid support, the
solid support having a reporter enzyme immobilized
thereon 1n such a manner whereby the reporter enzyme
1s released upon action of the hydrolase; (b) combining
the sample after it has been contacted with the solid
support with an indicator, the indicator being one
which 1s susceptible to a detectable change upon action
of the reporter enzyme; and (c) observing whether the
indicator undergoes a detectable change, the detectable
change being an indication of the presence of the enzy-
matically active hydrolase in the sample.

The term “hydrolase” is used herein to refer to an
enzyme which catalyzes hydrolytic reactions. The

method of the present invention can be used to assay for

the presence of any known hydrolytic enzyme. Such
hydrolytic enzymes, i.e., hydrolases, include, but are
not limited to, the following: proteases or (interchange-
ably) proteinases, peptidases, lipases, nucleases, homo-
or hetero-oligosaccharidases, homo- or hetero-polysac-
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esterases. In a preferred embodiment, the method of the
present invention can be used to assay for the presence
of proteases, including, but not limited to, the following:
aspartic proteases, serine proteases, thiol proteases,
metallo proteases, acid proteases, and alkaline pro-
teases. In another preferred embodiment, the method of
the present invention can be used to assay for the pres-
ence of homo- or hetero-oligosaccharidases or homo- or
hetero-polysaccharidases, including, but not limited to,
chitinase, amylases, cellulase and lysozyme.

The term “reporter enzyme” or (interchangeably)

“marker enzyme” is used herein to refer to a signal

generating enzyme, i.e., an enzyme whose activity
brings about a detectable change. Such reporter en-

zymes include, but are not limited to, the following:

peroxidases, phosphatases, oxidoreductases, dehydro-
genases, transferases, isomerases, kinases, reductases,
deaminases, catalases, urease and glucuronidase. In se-
lecting a reporter enzyme to be used in the presently
claimed method, it is imperative that the reporter en-
zyme 1S not subject to inactivation by any agent in the

sample, including inactivating hydrolysis by any hydro-

lase activity present in the sample. The selection of an
appropriate reporter or marker enzyme will be readily
apparent to those skilled in the art. Presently preferred
reporter enzymes are the peroxidases, such as, for exam-
ple, horseradish peroxidase.

‘The reporter enzyme is immobilized on a solid sup-
port, 1.e., an insoluble polymeric material, inorganic or
organic matrix, gel, aggregate, precipitate or resin, in
such a manner whereby the reporter enzyme is released
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upon action of the hydrolase whose presence is being
assayed. Preferred solid supports in accordance with
the present invention include, but are not limited to, the
following: cellulose, agarose, dextran, polyacrylate,
polyacrylamide, or their derivatives, chitin, sepharose,
oxirane acrylic beads and polymeric dialdehyde, starch,
collagen, keratin, elastin, bovine hide powder, bacterial
cell wall peptidoglycan or fragments thereof, nylon,
polyethylene terephthalates, polycarbonates, and con-
trolled pore glass. Immobilization of the reporter en-
zyme on the solid support is carded out using conven-
tional methods and procedures known to and under-
stood by those skilled in the art.

The reporter enzyme can be attached directly to the
solid support. In this case, the insoluble support serves
directly as a substrate for the hydrolase. For example,
when chitinase is the hydrolase being assayed, the re-
porter or marker enzyme (such as, for example, horse-
radish peroxidase) can be attached directly to the insol-
uble chitin. In the presence of chitinase, horseradish
peroxidase will be released from the solid support. Simi-
larly, if cellulase is the hydrolase being detected, the
reporter enzyme, e.g., horseradish peroxidase, can be
directly attached to cellulose, and in the presence of the
hydrolase cellulase, horseradish peroxidase will be re-
leased from the solid support. Finally, if lysozyme is the
hydrolase being detected, the reporter enzyme, e.g.,
horseradish peroxidase, can be directly attached to bac-
terial cell wall peptidoglycan, and in the presence of the
hydrolase lysozyme, horseradish peroxidase will be
released from the solid support.

Alternatively, the reporter enzyme can be immobi-
lized on the solid support through the use of a linker
molecule which is a hydrolyzable substrate for the hy-
drolase being detected. Such linker molecules include,
but are not limited to, the following: proteins, carbohy-
drates, lipids, peptides, esters and nucleic acids. The
particular linker molecule used to attach the reporter
enzyme to the solid support will depend on which hy-
drolase is being detected, and the selection in any given
case will be readily apparent to those skilled in the art.

The term “indicator” is used herein to refer to any
chemical species which undergoes a detectable change
as a result of the reaction or as a result of the culmina-
tion of reactions occurring when the enzymatically-
active hydrolase is present in the sample or specimen.
The resulting detectable change is an indication that the
enzymatically active hydrolase is present in the sample
Or specimen.

Preferred indicators are visual indicators and, in par-
ticular, chromogenic indicators, i.e., those in which the
visible change is a change in color, including the forma-
tion of color in an otherwise colorless material, upon
action of the reporter or marker enzyme when it is
released from the solid support by the enzymatically
active hydrolase whose presence is being detected.
Alternatively, the reporter enzyme may be capable of
catalyzing the formation of a fluorescent signal, a phos-
phorescent signal, a bioluminescent signal, a chemilumi-
nescent signal, or an electrochemical signal upon its
release from the solid support by the action of the hy-
drolase. Additionally, the reporter enzyme may be ca-
pable of producing other visible or detectable signals,
such as, for example, a clot, an agglutination, a precipi-
tation, or a clearing zone. In these cases, the indicator
would be the chemical species or substrate required by
the reporter or marker enzyme in order to bring about
the desired detectable change.
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A wide variety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
be used as visual indicators with horseradish peroxidase
as the reporter enzyme. Preferred chromogenic indica-
tors in accordance with the present invention comprise
a hydroperoxide and a chromogen including, but not
limited to, one of the following: guaiac, 2-2'-azino-bis(3-
ethyl-benthiazoline-6-sulfonic acid), tetramethylbenzi-
dine, phenol, 4-aminoantipyrine, and 4,5-dihydrox-
ynaphthalene-2,7-disulfonic acid. A particularly pre-
ferred chromogenic indicator is comprised of a hydro-
peroxide and guaiac, a chromogen which is colorless in
its reduced state and deep blue in its oxidized state.
Optionally, guaiac may be purified prior to use, e.g., by
solvent extraction. The most appropriate chromogenic
indicator for any given reporter enzyme will depend
upon the reaction or reactions which the reporter en-
zyme 1s capable of catalyzing or initiating, and the selec-
tion 1n any given case will be readily apparent to those
skilled 1n the art.
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If the visual indicator is a chromogenic indicator, it is

possible to employ either a liquid chromogen system or
a sohd chromogen system. If a liquid chromogen system
for detecting peroxidases 1s used, such a system would
comprise a solvent, a hydroperoxide and a chromogen
capable of being oxidized by hydroperoxides in the
presence of a peroxidase, such as, for example, horse-
radish peroxidase. Alternatively, if a solid chromogen
system 1s used, such a system would comprise a hydro-
peroxide, a chromogen capable of being oxidized by

hydroperoxides 1n the presence of a peroxidase, and a

solid support onto which the chromogen has been im-
pregnated or immobilized and dried. In this system, the
chromogen can be impregnated onto a bibulous paper

or support as is done with Hemoccult ®) slides or, alter-

natively, the chromogen can be deposited onto a plastic
or other sheet in the form of a thin layer. In this latter
format, the chromogen could be layered as a solution
containing a polymeric material (such as, for example,
hydroxypropyl cellulose, ethyl cellulose, etc. ). If the
chromogen itself is a water soluble chromogen, it can be
trapped in a matrix of material which is insoluble in
water. Alternatively, if the chromogen itself is insoluble
in water, it can be layered as a solution in an organic
solvent either alone or in combination with a water
soluble or water insoluble polymer.

In the solid chromogen system for detecting peroxi-
dases, the hydroperoxide can be provided either in a
solid form (such as, for example, titanium hydroperox-
ide) or it can be generated in situ. Hydrogen peroxide,
for example, can be generated in situ with -glucose,
ambient oxygen and glucose oxidase. Alternatively,
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hydrogen peroxide can be generated in situ through the -

use of a dried layer formed after depositing a suspension
of sodium perborate in alcohol. At low pH, sodiom
perborate releases hydrogen peroxide spontaneously. In
the presence of the hydrogen peroxide and the peroxi-
dase upon its release from the solid support by the hy-
drolase, the chromogen will be oxidized and a visually
detectable change in color will result. This resulting
change 1n color is an indication that the enzymatically
active hydrolase is present in the sample or specimen.
This method as well as the other methods of the
presently claimed invention can be used to simulta-
neously assay for the presence of two or more active
hydrolases in a sample or specimen. Such a method
would employ a mixture of two or more reporter en-
zymes immobilized on a solid support(s) through sub-
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strate linkages which are susceptible to specific hydro-
lases, and two or more indicator and reagent systems to
generate a detectable response to each of the reporter
enzymes. For example, it would be possible using the
methods of the present invention to detect simulta-
neously a mixture of proteases, lipases and polysacchari-
dases, thereby obtaining a hydrolytic profile of a given
pathogen or disease process.

Additionally, it will be readily apparent to those
skilled in the art that the reactions conditions (such as,
for example, the choice of the linker molecule or bridge,
solid supports, pH, buffer capacity, buffer identity, salts,
etc.) of the presently claimed methods can be modified
and regulated to increase hydrolase specificity and to
differentiate between the different hydrolases present in
a sample. For example, it is known that certain hydro-
lase function at a low pH and are inhibited at a high pH.
In contrast, other hydrolases function at a high pH and
are inhibited at a low pH. By regulating the pH of the
assay, one will be able to selectively detect the presence
of a particular hydrolase. Additionally, it will be readily
apparent to the skilled artisan that specific enzyme in-
hibitors can also be used in the presently claimed meth-
ods to increase hydrolase activity and specificity and to
differentiate between the different hydrolases.

In another aspect of the present invention, a method
for assaying for the presence of an enzymatically active
hydrolase in a sample is provided, the method compris-
ing: placing the sample in a device which contains first
and second solid supports, the first solid support having
a reporter enzyme immobilized thereon in such a man-
ner whereby the reporter enzyme is released upon ac-
tion of the hydrolase, the second solid support, which is
not in contact with the first solid support, having immo-
bilized thereon an indicator, the indicator being one
which is susceptible to a detectable change upon action
of the reporter enzyme, the sample being placed in the
device in such a manner that the sample contacts the
first and second solid supports such that any reporter
enzyme released by any hydrolase activity present in
the sample i1s permitted to diffuse through the sample to
the second solid support; and observing whether the
indicator undergoes a detectable change, the detectable
change being an indication of the presence of the enzy-
matically active hydrolase in the sample.

This method of the present invention can also be used
to assay for the presence of any known hydrolytic en-
zyme, mcluding, but not limited to, the following hy-
drolases: proteases or (interchangeably) proteinases,
peptidases, lipases, nucleases, homo- or hetero-oligosac-
charidases, homo- or hetero-polysaccharidases, phos-
phatases, sulfatases, neuraminidases and esterases. In a
preferred embodiment, this method is used to assay for
the presence of proteases, including, but not limited to,
the following: aspartic proteases, serine proteases, thiol
proteases, metallo proteases, acid proteases and alkaline
proteases.

The reporter enzyme or marker enzyme used in this
method can be any signal generating enzyme not sub-
ject to inactivation by any agent in the sample, includ-
g inactivating hydrolysis by any hydrolase activity
present in the sample. Such reporter enzymes include,
but are not Iimited to, the following: peroxidases, phos-
phatases, oxidoreductases, dehydrogenases, transfer-
ases, 1Isomerases, kinases, reductases, deaminases, cata-
lases, urease and glucuronidase. Presently preferred
reporter or marker enzymes are the peroxidases, such
as, for example, horseradish peroxidase.
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The reporter enzyme is immobilized on a first solid
support, 1.e., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released from
the solid support upon action of the enzymatically ac-
tive hydrolase whose presence is being assayed. The
reporter enzyme can be attached directly to the first
solid support if the solid support is a substrate for the
hydrolase or, alternatively, the reporter enzyme can be
immobilized on the first solid support through the use of
a linker molecule which is a substrate for the enzymati-
cally active hydrolase which is being detected. Such
linker molecules include, but are not limited to, the
following: proteins, carbohydrates, lipids, peptides,

esters and nucleic acids. The particular linker molecule

used to attach the reporter enzyme to the first solid

support will depend on which hydrolase is being de-
tected, and the selection in any given case will be

readily apparent to those skilled in the art. Immobiliza-
tion of the reporter enzyme on the first solid support is
carried out using conventional methods and procedures
known to and understood by those skilled in the art.

In this method of the present invention, the indicator
1s attached to the second solid support which is not in
contact with the first solid support. Preferred first and
second solid supports in accordance with the present
invention include, but are not limited to, the following:
cellulose, agarose, dextran, polyacrylate, polyacryl-
amide, or their derivatives chitin, sepharose, oxirane
acrylic beads, polymeric dialdehyde, starch, collagen,
keratin, elastin, bovine hide powder, bacterial cell wall
peptidoglycan or fragments thereof, nylon, polyethyi-
ene terephthalates, polycarbonates, and controlled pore
glass. Immobilization of the visual indicator on the sec-
ond solid support is carded out using conventional
methods and procedures known by those skilled in the
art.

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
when the enzymatically active hydrolase is present in
the sample or specimen. The resulting detectable
change in the indicator is an indication that the enzy-
matically active hydrolase is present in the sample.
Preferred indicators are visual indicators and, in partic-
ular, chromogenic indicators, i.e., those in which the
visible change is a change in color, including the forma-
tion of color in an otherwise colorless material, upon
action of the reporter or marker enzyme when it is
released from the solid support by the enzymatically
active hydrolase whose presence is being detected.

A wide variety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
be used as visual indicators. Preferred chromogenic
indicators for peroxidase-like reporter enzymes in ac-
cordance with the present invention comprise a hydro-
peroxide and a chromogen including, but not limited to,
one of the following: guaiac, 2-2'-azino-bis(3-ethyl-ben-
thiazoline-6-sulfonic acid), tetramethylbenzidine, phe-
nol, 4-aminoantipyrine, and 4,5-dihydroxynaphthalene-
2,7-disulfonic acid. A particularly preferred  chromo-
genic indicator is comprised of a hydroperoxide and
gualac, a chromogen which is colorless in its reduced
state and deep blue in its oxidized state. The most appro-
priate chromogenic indicator for any given reporter
enzyme will depend on the reaction or reactions which
the reporter enzyme is capable of catalyzing or initiat-
ing, and the selection in any given case will be readily
apparent to those skilled in the art.
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If the visual indicator is a chromogenic indicator for
peroxidative reactions, a solid chromogen system is
employed, and such a system comprises a hydroperox-
ide, a chromogen capable of being oxidized by hydro-
peroxides in the presence of a peroxidase, and a solid
support onto which the chromogen has been impreg-
nated or immobilized and dried. In this system, the
chromogen can be impregnated onto a bibulous paper
or support as 1s done with Hemoccult ®) slides or, alter-
natively, the chromogen can be deposited onto a plastic
or other sheet in the form of a thin layer. In this latter
format, the chromogen could be layered as a solution
containing a polymeric material (such as, for example,
hydroxypropyl cellulose, ethyl cellulose, etc. ). If the
chromogen itself is a water soluble chromogen, it can be
trapped 1n a matrix of material which is insoluble in
water. Alternatively, if the chromogen itself is insoluble
In water, it can be layered as a solution in an organic
solvent either alone or in combination with a water
soluble or water insoluble polymer.

In the solid chromogen system, the hydroperoxide
can be provided either in a solid form (such as, for
example, titanium hydroperoxide) or it can be generated
in situ in the device. In the presence of the hydroperox-
ide and the peroxidase upon its release from the first
solid support by the hydrolase, the chromogen will be
oxidized and a visually detectable change in color will
result. This resulting change in color is an indication of
the presence of the enzymatically active hydrolase in
the sample or specimen.

In a presently preferred embodiment of this method
of the present invention, enzymatically active aspartic
protease 1s the hydrolase being detected, the method
comprising: placing the sample in a device which con-
tains first and second solid supports, the first solid sup-
port being polyacrylate and having horseradish peroxi-
dase immobilized thereon through a myoglobin mole-
cule which is a substrate for aspartic protease, the sec-
ond solid support, which is not in contact with the first
solid support, being a cellulose derivative and having
immobilized thereon a hydroperoxide and guaiac, a
chromogenic substrate which undergoes a color change
upon action of horseradish peroxidase in the presence of
a hydroperoxide, the sample being placed in the device
in such a manner that the sample contacts the first and
second solid supports such that any horseradish peroxi-
dase released by any enzymatically active aspartic pro-
tease present in the sample is permitted to diffuse
through the sample to the second solid support; and
observing whether guaiac undergoes a color change,
the color change being an indication of the presence of
enzymatically active aspartic protease in the sample.

As previously mentioned, it will be readily apparent
to the skilled artisan that particular reaction conditions
(such as, for example, the choice of linker molecule,
solid support, pH, buffer capacity, buffer identity, salts,
etc. ) and specific inhibitors can used to increase aspar-
tic protease specificity. For example, by assaying for
aspartic protease at a pH of about 2.5 to about 5.0, one
can selectively detect aspartic proteases over many
thiol proteases, serine proteases, metallo proteases, and
alkaline proteases. Further, by adding inhibitors of the
metallo-proteases, the thiol proteases, the serine pro-
teases, and the acid or alkaline proteases, one can selec-
tively detect aspartic proteases.

In still another aspect of the present invention, a
method for detecting candidiasis by assaying for the
presence of enzymatically active aspartic protease in a
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sample 1s provided, the method comprising: (a) contact-
ing the sample with a solid support, the solid support
having a reporter enzyme immobilized thereon in such
a manner whereby the reporter enzyme is released upon
action of the aspartic protease; (b) combining the sam-
ple after having been contacted with the solid support
with an indicator, the indicator being one which is sus-
ceptible to a detectable change upon action of the re-
porter enzyme; and (c) observing whether the indicator
undergoes a detectable change, the detectable change
being an indication of the presence of enzymatically
active aspartic protease in the sample and thus, candidi-
asts.

The reporter enzyme or marker enzyme used in this
method of the present invention can be any signal gen-
~ erating enzyme, i.e., an enzyme whose activity brings
about a visible or detectable change, not subject to
inactivation by any agent in the sample, including inac-
tivating hydrolysis by any aspartic protease or any
other hydrolase activity present in the sample. Such
reporter enzymes include, but are not limited to, the
following: peroxidases, phosphatases, oxidoreductases,
dehydrogenases, transferases, isomerases, kinases, re-
ductases, deaminases, catalases, urease and glucuroni-
dase. The selection of an appropriate reporter or marker
enzyme will be readily apparent to those skilled in the
art. In this method of the present invention, the pre-
ferred reporter enzymes are the peroxidases. In particu-
lar, horseradish peroxidase is the presently preferred
reporter enzyme because horseradish peroxidase is not
readily hydrolyzed by aspartic protease or many other
well-known proteases which may be present in the
sample.

The reporter enzyme is immobilized on a solid sup-
port, 1.e., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released upon
action of aspartic protease. Solid supports in accor-
dance with the present invention include, but are not
limited to, the following: cellulose, agarose, dextran,
polyacrylate, polyacrylamide, or their derivatives, chi-
tin, sepharose, oxirane acrylic beads, polymeric dialde-
hyde, starch, collagen, keratin, elastin, bovine hide
powder, bactenal cell wall peptidoglycan or fragments
thereof, nylon, polyethylene terephthalates, polycar-
bonates, and controlled pore glass. Presently preferred
solid supports in this method of the claimed invention
include chitin, polyacrylate, cellulose, and their deriva-
tives, and sepharose. Immobilization of the reporter
enzyme on the solid support is carried out using con-
ventional methods and procedures known to and under-
stood by those skilled in the art.

The reporter enzyme can be immobilized on the solid
support through the use of a linker molecule which is a
hydrolyzable substrate for the enzymatically active
aspartic protease. In this method of the present inven-
tion, such linker molecules include proteins and pep-
tides, with proteins being the preferred linker mole-
cules. If the linker molecule is a protein, preferred pro-
teins include, but are not limited to, the following:
azocaseln, casein, k-casein, immunoglobulins, hemoglo-
bin, myoglobin, albumin, elastin, keratin and collagen.
In preferred embodiments of this method of the claimed
invention, the linker molecule is k-casein, casein, hemo-
globin, or myoglobin. |

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
when enzymatically active aspartic protease is present
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in the sample or specimen. The resulting detectable
change is an indication of the presence of enzymatically
active aspartic protease in the sample and, in turn, the
presence of enzymatically active aspartic protease in the
sample indicates the presence of candidiasis.

Preferred indicators are visual indicators and, in par-
ticular, chromogenic indicators, i.e., those in which the
detectable change is a change in color, including the
formation of color in an otherwise colorless material,
upon action of the reporter or marker enzyme when it is
released from the solid support by enzymatically active
aspartic protease. Alternatively, the reporter enzyme
may be capable of catalyzing the formation of a fluores-
cent signal, a phosphorescent signal, a bioluminescent
signal, a chemiluminescent signal, or an electrochemical
signal upon its release from the solid support by the
action of aspartic protease. Additionally, the reporter
enzyme may be capable of producing other visible or
detectable signals, such as, for example, a clot, an agglu-
tination, a precipitation, or a clearing zone. In these
cases, the indicator would be the chemical species or
substrate required by the reporter enzyme in order to
bring about the desired detectable change.

A wide varilety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
be used as visual indicators when peroxidases are used
as the reporter or marker enzymes. Preferred chromo-
genic indicators in accordance with the present inven-
tton comprise a hydroperoxide and a chromogen in-
cluding, but not limited to, one of the following: guaiac,
2-2'-azino-bis(3-ethyl-benthiazoline-6-sulfonic acid),
tetramethylbenzidine, phenol, 4-aminoantipyrine, and
4,5-dihydroxynaphthalene-2,7-disulfonic acid. A partic-
ularly preferred chromogenic indicator is comprised of
a hydroperoxide and guaiac, a chromogen which is
colorless in its reduced state and deep blue in its oxi-
dized state. Optionally, the guaiac may be purified prior
to use, e.g., by solvent extraction. The most appropriate
chromogenic indicator for any given reporter enzyme
will depend on the reaction or reactions which the
reporter enzyme 1S capable of catalyzing or initiating,
and the selection in any given case will be readily appar-
ent to those skilled in the art. As previously described,
if the visual indicator is a chromogenic indicator, it is
possible to employ either a liquid chromogen system or
a solid chromogen system.

In yet another aspect of the present invention, a
method is provided for detecting Trichomonas vaginalis
by assaying for the presence of enzymatically active
thiol protease in a sample, this method comprising: (2)
contacting the sample with a solid support, the solid
support having a reporter enzyme immobilized thereon
in such a manner whereby the reporter enzyme is re-
leased upon action of the enzymatically active thiol
protease; (b) combining the sample after having been
contacted with the solid support with an indicator, the
indicator being one which is susceptible to a detectable
change upon action of the reporter enzyme; and (c)
observing whether the indicator undergoes a detectable
change, the detectable change being an indication of the
presence of enzymatically active thiol protease in the
sample and thus, Trichomonas vaginalis.

As with the previously described methods, the re-
porter enzyme or marker enzyme used in this method of
the present invention can be any signal generating en-
Zyme, l.e., an enzyme whose activity brings about a
visible or detectable change, not subject to inactivation
by any agent in the sample, including inactivating hy-
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drolysis by any hydrolase activity present in the sample.

Such reporter enzymes include, but are not limited to,
the following: peroxidases, phosphatases, oxidoreduc-

tases, dehydrogenases, transferases, isomerases, kinases,
reductases, deaminases, catalases, urease and glucuroni-
dase. The selection of an appropriate reporter or marker
enzyme will be readily apparent to those skilled in the
art. In this method of the present invention, the pre-
ferred reporter enzymes are the peroxidases and, in
particular, horseradish peroxidase.

The reporter enzyme is immobilized on a solid sup-
port, 1.€., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released from
the solid support upon action of the enzymatically ac-
tive thiol protease. Solid supports in accordance with
the present invention include, but are not limited to, the
following: cellulose, agarose, dextram, polyacrylate,
polyacrylamide, or their derivatives, chitin, sepharose,
oxirane acrylic beads, polymeric dialdehyde, starch,
collagen, keratin, elastin, bovine hide powder, bacterial
cell wall peptidoglycan or fragments thereof, nylon,
polyethylene terephthalates, polycarbonates, and con-
trolled pore glass. Presently preferred solid supports in
this method of the claimed invention include chitin,
polyacrylate, cellulose, and their derivatives, and se-
pharose. Immobilization of the reporter enzyme on the
solid support is carried out using conventional methods
and procedures known to and understood by those
skilled in the art. |

The reporter enzyme can be immobilized on the solid
support through the use of a linker molecule which is a
hydrolyzable substrate for the enzymatically active
thiol protease. In this method of the present invention,
such linker molecules include proteins and peptides,
with proteins being the preferred linker molecules. If
the linker molecule is a protein, preferred proteins in-
clude, but are not limited to, the following: azocasein,
casemn, k-casein, immunoglobulins, hemoglobin, myo-
globin, albumin, elastin, keratin and collagen. In pre-
ferred embodiments of this method of the claimed in-
vention, the linker molecule is k-casein, casein, hemo-
globin, or myoglobin.

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
when enzymatically active thiol protease is present in
the sample or specimen. The resulting detectable
change is an indication of the presence of enzymatically
active thiol protease in the sample and, in turn, the
presence of enzymatically active thiol protease in the
sample indicates the presence of Trichomonas vaginalis.

Preferred indicators are visual indicators and, in par-
ticular, chromogenic indicators, i.e., those in which the
detectable change is a change in color, including the
formation of color in an otherwise colorless material,
upon action of the reporter or marker enzyme when it is
released from the solid support by the enzymatically
active aspartic protease. Alternatively, the reporter
enzyme may be capable of catalyzing the formation of a
fluorescent signal, a phosphorescent signal, a biolumi-
nescent signal, a chemiluminescent signal, or an electro-
chemical signal upon its release from the solid support
by the action of aspartic protease. Additionally, the
reporter enzyme may be capable of producing other
visible or detectable signals, such as, for example, a clot,
an agglutination, a precipitation, or a clearing zone. In
these cases, the indicator would be the chemical species
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or substrate required by the reporter enzyme in order to

bring about the desired detectable change.
A wide variety of chromogenic indicators (i.e., chro-

mogens) and other species having a similar effect may
be used as visual indicators when peroxidases are used
as the reporter or marker enzymes. Preferred chromo-
genic indicators in accordance with the present inven-
tion comprise a hydroperoxide and a chromogen in-
cluding, but not limited to, one of the following: guaiac,
2-2’-azino-bis(3-ethyl-benthiazoline-6-sulfonic ~  acid),
tetramethylbenzidine, phenol, 4-aminoantipyrine, and
4,5-dihydroxynaphthalene-2,7-disulfonic acid. A partic-
ularly preferred chromogenic indicator is comprised of
a hydroperoxide and guaiac, a chromogen which is
colorless in its reduced state and deep blue in its oxi-
dized state. The most appropriate chromogenic indica-
tor for any given reporter enzyme will depend on the
reaction or reactions which the reporter enzyme is ca-
pable of catalyzing or initiating, and the selection in any
given case will be readily apparent to those skilled in
the art. As previously described, if the visual indicator
is a chromogenic indicator, it is possible to employ
either a liquid chromogen system or a solid chromogen
system.

As with the aspartic protease assays, certain reaction
conditions and specific inhibitors can used to increase
thiol protease activity and specificity. For example, one
could add inhibitors (such as, for example, pepstatin to
inhibit aspartic proteases, soybean trypsin inhibitor to
inhibit trypsin, EDTA or other chelators to inhibit
metallo-proteases, or any of the many known naturally
occurring inhibitors of non-thiol protein proteases) to
the test system so that only thiol proteases would func-
tion and thus, be detected. Additionally, by assaying at
a pH of about 7.4, many thiol proteases will be active,
but aspartic proteases will be inactivated.

It 1s important to note that the reporter enzyme re-
lease technology of the present invention can also be
employed to detect the presence or absence of a hydro-
lase inhibitor in a sample. Many biological processes,
including regulation of blood pressure, blood clotting,
bacterial replication, etc., involve the use of very spe-
cific, carefully modulated hydrolases. Moreover, nu-
merous drugs, pesticides and herbicides, etc., are known
to function by virtue of inhibiting specific hydrolases.
Under certain circumstances, it is highly desirable to
determme the blood concentration of a hydrolase-inhib-
iting therapeutic drug or to determine the presence of a
potential pesticide hydrolase inhibitor contamination in
produce, etc. In these cases, it is, therefore, necessary to
detect the inhibitor of a hydrolase, rather than the hy-
drolase itself. |

Accordingly, in another aspect of the present inven-
tion, a method for assaying for the presence of an inhibi-
tor of a target hydrolase in a sample is provided, the
method comprising: (2) contacting the sample with the
target hydrolase and a solid support, the solid support
having a reporter enzyme immobilized thereon in such
a manner whereby the reporter enzyme is released upon
action of the target hydrolase if the target hydrolase is
not inactivated by the presence of the inhibitor; (b)
combimng the sample after having been contacted with
the target hydrolase and the solid support with an indi-
cator, the indicator being one which is susceptible to a
detectable change upon action of the reporter enzyme:;
and (c) observing whether the indicator undergoes a
detectable change, the detectable change being an indi-
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cation of the absence of the inhibitor of the target hy-
drolase in the sample.

To detect the presence of a hydrolase inhibitor in a
sample, a defined quantity of the target hydrolase is
incorporated into the test system, and test performance
involves detecting the ability of the sample to inhibit the

18

- will be readily apparent to those skilled in the art. In this

target hydrolase. In the event that the target hydrolase

inhibitor is not present in the sample, the target hydro-
lase will release the reporter enzyme from the solid
- support, thereby producing a detectable change in the

10

indicator. Conversely, if the target hydrolase inhibitor

i1s present in the sample, the target hydrolase will be
inhibited, the reporter enzyme will not be released from
the solid support, and a detectable change or response
will not be produced in the indicator. It is not essential
that the inhibitor in the sample completely inhibit the
target hydrolase added to the test system. It is only

15

required that a sufficient amount of target hydrolase -

inhibition occurs to produce a noticeable difference in
the anticipated detectable response.

This method of the present invention can be used to
assay for the presence or absence of any known inhibi-
tor of a hydrolytic enzyme, including, but not limited
to, the following: mhibitors of the proteases or (inter-
changeably) proteinases, peptidases, lipases, nucleases,
homo- or hetero-oligosaccharidases, homo- or hetero-
polysaccharidases, phosphatases, sulfatases, neuramini-
dases and esterases. In a preferred embodiment, this
method 1s used to assay for the presence protease inhibi-
tors, including, but not limited to, the following: aspar-
tic protease inhibitors, serine protease inhibitors, thiol
protease inhibitors, metallo protease inhibitors, acid
protease mhibitors and alkaline protease inhibitors. In a
further preferred embodiment, this method is used to
assay for the presence of aspartic protease inhibitors
such as, for example, pepstatin, ovomacroglobulin, hal-
operidol, transition state mimetics, U-81749, H-261,
MV7-101, A-75925, A-76928 and A-7003. U-81749,
H-261, MV7-101, A-75925, A-76928 and A-7003 are
experimental drugs which have previously been de-
scribed in the literature. In an even further preferred
embodiment of this method of the present invention,
pepstatin is the aspartic protease inhibitor whose pres-
ence is being detected.

In accordance with this method of the present inven-
tion, target hydrolases include, but are not limited to,
the following: proteases, proteinases, peptidases, lipases,
nucleases, homo- or hetero-oligosaccharidases, homo-
or hetero-polysaccharidases, phosphatases, sulfatases,
neuraminidases and esterases. The particular target hy-
drolase used in the above method will depend upon
which ihibitor is being detected, and the selection in
any given case will be readily apparent to those skilled
in the art. If, for example, pepstatin is the inhibitor being
detected, then aspartic protease would be the target
hydrolase used in the test system described above.

The reporter enzyme or marker enzyme used in this
method of the present invention can be any signal gen-
erating enzyme, i.€., an enzyme whose activity brings
about a visible or detectable change, not subject to
Inactivation by any agent in the sample, including inac-
tivating hydrolysis by the target hydrolase which is
incorporated into the test system. Such reporter en-
zymes include, but are not limited to, the following:
peroxidases, phosphatases, oxidoreductases, dehydro-
genases, transferases, isomerases, kinases, reductases,
deaminases, catalases, urease and glucuronidase. The
selection of an appropriate reporter or marker enzyme
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method of the present invention, the preferred reporter
enzymes are the peroxidases, and, in particular, horse-
radish peroxidase.

The reporter enzyme is immobilized on a solid sup-
port, 1.e., an insoluble matrix, gel or resin, in such a

‘manner whereby the reporter enzyme is released from

the solid support upon action of the target hydrolase if
the target hydrolase is not inactivated by the presence
of the inhibitor. Solid supports in accordance with the
present invention include, but are not limited to, the
following: cellulose, agarose, dextran, polyacrylate,
polyacrylamide, or their derivatives, chitin, sepharose,
oxirane acrylic beads, polymeric dialdehyde, starch,
collagen, keratin, elastin, bovine hide powder, bacterial
cell wall peptidoglycan or fragments thereof, nylon,
polyethylene terephthalates, polycarbonates, and con-
trolled pore glass.

The reporter enzyme can be immobilized on the solid
support through the use of a linker molecule which is a
hydrolyzable substrate for the enzymatically active
target hydrolase. Such linker molecules include, but are
not limited to, the following: proteins, carbohydrates,
lipids, peptides, esters and nucleic acids. The particular
linker molecule used to attach the reporter enzyme to
the solid support will depend on which target hydrolase

is added to the test system, and the selection in any

given case will be readily apparent to those skilled in
the art. |

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
if the enzymatically active target hydrolase is not inacti-
vated by the presence of the inhibitor in the sample or
sPecmen Preferred indicators are visual indicators and,
in particular, chmmogemc indicators, i.e., those in
which the visible change is a change in color including
the formation of color in an otherwise colorless mate-
rial, upon action of the reporter or marker enzyme
when it 1s released from the solid support by the enzy-
matically active target hydrolase provided it is not inac-
tivated by the presence of the inhibitor in the sample or
specimen.

A wide variety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
be used as visual indicators. Preferred chromogenic
indicators for peroxidase-like reporter enzymes in ac-
cordance with the present invention comprise a hydro-
peroxide and a chromogen including, but not limited to,
one of the following: guaiac, 2-2'-azino-bis(3-ethyl-ben-
thiazoline-6-sulfonic acid), tetramethylbenzidine, phe-
nol, 4-aminoantipyrine, and 4,5-dihydroxynaphthalene-
2,7-disulfonic acid. A particularly preferred chromo-
genic indicator is comprised of a hydroperoxide and
guaiac, a chromogen which is colorless in its reduced
state and deep blue in its oxidized state. As previously
described, if the visual indicator is a chromogenic indi-
cator, 1t is possible to employ either a liquid chromogen
system or a solid chromogen system.

In yet another aspect of the present invention, a test
device for assaying for the presence of an enzymatically
active hydrolase in a sample is provided, the test device
comprising: a receptacle defined at least in part by first
and second opposing walls having interior-facing sur-
faces with a gap therebetween, the first, second, or both
walls being of light-transmitting material; a reporter
enzyme immobilized on a solid support on the interior-
facing surface of one of the first and second walls in
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such a manner whereby the reporter enzyme is released
upon action of the hydrolase; an indicator contained on
the interior-facing surface of one of the first and second
walls, the indicator being one which is susceptible to a
detectable change upon action of the reporter enzyme; 5
and an opening in the receptacle for introduction of the
sample.

In accordance with this aspect of the present inven-
tton, the receptacle is preferably flat and thin and of a
size which can be easily held by hand. Accordingly, the
chamber is preferably flat and shallow as well, with a
width and length much greater than its depth, the depth
being substantially constant. The chamber is preferably
shallow enough to promote spontaneous wetting of the
chamber walls with the specimen to achieve the maxi-
mum contact between the specimen and the dry reagent
coatings on the upper and lower surfaces. This is of
particular interest when reagent coatings are present on
both the upper and lower surfaces of the chamber. In
such cases, a small constant distance between these 20
surfaces will also minimize the distance over which the -
reagents on the surface opposite that to which the visual
indicator has been applied will need to diffuse in order
to reach the indicator. |

Within these considerations, the chamber depth is not
critical to the invention and may vary. In most cases, a
chamber ranging from about 3 mil to about 50 mil
(0.003-0.050 inch; 0.0076-0.127 cm) in depth, preferably
from about 5 mil to about 15 mil (0.005-0.0.015 inch;
0.0127-0.0381 cm), will give the best results. For any
given depth, the lateral dimensions of the chamber (i.e.,
the spacing between its side walls) will define the size of
the sample which the device will accommodate, and are
otherwise unimportant except to define the size and
shape of the visible test area on the outer surface of the
device. The lateral dimensions should thus provide a
test area which is large enough to be seen, and yet small
enough that the chamber which will be completely
filled by a specimen of reasonable size. The specimen
size will vary with the type of specimen and its source
and method of sampling. In typical structures, it is con-
templated that the lateral area of the chamber will range
from about 0.1 cm? to about 10 cm?2, or preferably from
about 0.3 cm? to about 3 cm2. The internal volume of
the chamber in typical structures will likewise vary, and 45
for most types of samples, volumes ranging from about
3 nL to about 300 pLL will be the most appropriate and
convenient.

The test device of the present invention can be used
to assay for the presence of any known hydrolytic en-
zyme including, but not limited to, the following: pro-
teases or (interchangeably) proteinases, peptidases, li-
pases, nucleases, homo- or hetero-oligosaccharidases,
homo-or hetero-polysaccharidases, phosphatases, sulfa-
tases, neuraminidases and esterases. In a preferred em-
bodiment, the test device of the present invention can be
used to assay for the presence of proteases, including,
but not limited to, the following: aspartic proteases,
serine proteases, thiol proteases, metallo proteases, and
acid or alkaline proteases. In another preferred embodi-
ment, the test device of the present invention can be
used to assay for the presence of homo- or hetero-
oligosaccharidases or homo- or hetero-polysacchari-
dases, including, but not limited to, chitinase, cellulase,
amylase and lysozyme. |

The reporter enzyme or marker enzyme used in the
test device can be any signal generating enzyme, i.e., an
enzyme whose activity brings about a detectable
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‘change, not subject to inactivation by any agent in the

sample, including inactivating hydrolysis by any hydro-
lase activity present in the sample. Such reporter en-
zymes include, but are not limited to, the following:
peroxidases, phosphatases, oxidoreductases, dehydro-
genases, transferases, isomerases, kinases, reductases,
deaminases, catalases, urease and glucuronidase. The
selection of an appropriate reporter or marker enzyme
will be read fly apparent to those skilled in the art.
Presently preferred reporter enzymes are the peroxi-
dases, such as, for example, horseradish peroxidase.

The reporter enzyme is immobilized on a first solid
support, 1.e., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released from
the solid support upon action of the hydrolase whose
presence is being detected. Preferred solid supports in
accordance with the present invention include, but are
not limited to, the following: cellulose, agarose, dex-
tran, polyacrylate, polyacrylamide, or their derivatives,
chitin, sepharose, oxirane acrylic beads, polymeric dial-
dehyde, starch, collagen, keratin, elastin, bovine hide
powder, bacterial cell wall peptidoglycan or fragments
thereof, nylon, polyethylene terephthalates, polycar-
bonates, and controlled pore glass. Immobilization of
the reporter enzyme on the first solid support is carded
out using conventional methods and procedures known
to and understood by those skilled in the art.

The reporter enzyme can be attached directly to the
first solid support or, alternatively, the reporter enzyme
can be immobilized on the first solid support through
the use of a linker molecule having a hydrolyzable link-
age which is a substrate for the enzymatically active
hydrolase being detected. Such linker molecules in-
clude, but are not limited to, the following: proteins,
carbohydrates, lipids, peptides, esters and nucleic acids.
The particular linker molecule used to attach the re-
porter enzyme to the first solid support will depend on
which hydrolase is being detected, and the selection in
any given case will be readily apparent to those skilled
in the art.

In the test device of the present invention, the indica-
tor is immobilized on a second solid support which is
not in contact with the first solid support. Preferred
solid supports in accordance with the present invention
include, but are not limited to, the following: cellulose,
agarose, dextran, polyacrylate, or their derivatives,
chitin, sepharose, oxirane acrylic beads, polymeric dial-
dehyde, starch, collagen, keratin, elastin, bovine hide
powder, bacterial cell wall peptidoglycan, or fragments
thereof, polyacrylamide, nylon, polyethylene tereph-
thalates, polycarbonates, and controlled pore glass.
Immobilization of the indicator on the second solid
support is carded out using conventional methods and
procedures known to those skilled in the art.

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
when the enzymatically active hydrolase is present in
the sample or specimen. This detectable change is,
therefore, an indication that the enzymatically active
hydrolase being assayed is present in the sample or
specimen. Preferred indicators are visual indicators and,
in particular, chromogenic indicators, i.e., those in
which the visible change is a change in color, including
the formation of color in an otherwise colorless mate-
rial, upon action of the reporter or marker enzyme
when it is released from the solid support by the hydro-
lase whose presence is being detected. Alternatively,
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the reporter enzyme may be capable of catalyzing the
formation of a fluorescent signal, a phosphorescent
signal, a bioluminescent signal, a chemiluminescent
signal, or an electrochemical signal upon its release
from the solid support by the action of the hydrolase.
Additionally, the reporter enzyme may be capable of
producing other visible or detectable signals, such as,
for example, a clot, an agglutination, a precipitation, or
a clearing zone. In these cases, the indicator would be
the chemical species or substrate required by the re-
porter or marker enzyme in order to bring about the
desired detectable change.

A wide variety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
be used as visual indicators. When peroxidases are used
as reporter or marker enzymes, preferred chromogenic
indicators comprise a hydroperoxide and a chromogen
mcludmg, but not limited to, one of the following: gua-
1ac, 2-2'-azino-bis(3-ethyl-benthiazoline-6-sulfonic
acid), tetramethylbenzidine, phenol, 4-aminoantipyrine,
and 4,5-dihydroxynaphthalene-2,7-disulfonic acid. A
particularly preferred chromogenic indicator is com-
prised of a hydroperoxide and guaiac, a chromogen
which is colorless in its reduced state and deep blue in
its oxidized state. Optionally, the guaiac may be purified
prior to use, e.g., by solvent extraction. The most appro-
priate chromogenic indicator for any given reporter
enzyme will depend on the reaction or reactions which
the reporter enzyme is capable of catalyzing or initiat-
ing, and the selection in any given case will be readﬂy
apparent to those skilled in the art.

If the visual indicator is a chromogenic indicator, a
solid chromogen system is employed. This solid chro-
mogen system comprises a hydroperoxide, a chromo-

gen capable of being oxidized by hydroperoxides in the.

presence of a peroxidase, and a solid support onto
which the chromogen has been impregnated or immobi-
lized and dried. In this system, the chromogen can be
impregnated onto a bibulous paper or support as is done
with Hemoccult ®) slides or, alternatively, the chromo-
gen can be deposited onto a plastic or other sheet in the
form of a thin layer. In this latter format, the chromo-
gen could be layered as a solution containing a poly-
meric material (such as, for example, hydroxypropyl
cellulose, ethyl cellulose, etc. ). If the chromogen itself
15 a water soluble chromogen, it can be trapped in a
matrix of material which is insoluble in water. Alterna-
tively, if the chromogen itself is insoluble in water, it
can be layered as a solution in an organic solvent either
alone or in combination with a water soluble or water
msoluble polymer. |

In this particular chromogen system, the hydroperox-
ide can be provided either in a solid form (such as, for
example, titanium hydroperoxide) or it can be generated
in situ in the device. Hydrogen peroxide, for example,
can be generated in situ by layering dried glucose and
glucose oxidase on the interior-facing surfaces of the
test device. Alternatively, hydrogen peroxide can be

generated 1n situ by layering a suspension of sodium 60

perborate in alcohol on the interior-facing surfaces of
the test device. At low pH, sodium perborate releases
hydrogen peroxide spontaneously. In the presence of
the hydrogen peroxide and the peroxidase (e.g., horse-
radish peroxidase) upon its release from the first solid
support by the hydrolase, the chromogen will be oxi-
dized and a visually detectable change in color will
result. As previously mentioned, this resulting change
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in color is an indication that the enzymatically active
hydrolase is present in the sample or specimen.

It will be readily apparent to those skilled in the art
that the reactions conditions (such as, for example, the
selection of the solid support and linker molecule, pH,
buffer capacity, buffer identity, salts, etc.) of the pres-
ently claimed test device can be modified and regulated
to increase hydrolase activity and specificity, and to
differentiate between the different hydrolases which
may be present in a sample. Additionally, it will be
readily apparent to the skilled artisan that specific en-
zyme 1nhibitors can be added to the presently claimed
test devices to increase hydrolase activity and specific-
ity, and to differentiate between the different hydrolases
in a sample.

The test device is pI‘OVlded with a samPle mtroduc-
tion port by which the specimen is placed in the cham-
ber. The port 1s preferably in the same wall through
which changes in the visual indicator are observed, i.e.,
the light-transmitting wall. The port will be shaped to
accommodate the transfer device which is used to con-
vey the sample from its source, and the port may thus be
varied to suit any of the various types of transfer de-
vices which might be used. Examples of transfer de-
vices are syringes, pipettes, swabs and specula. Others
will readily occur to those skilled in the art. A circular
port is generally adequate, although for transfer devices
such as swabs, the port may contain a straight edge
along which the transfer device can be scraped to more
casily release the specimen.

Preferred embodiments of the test device contain
additional features which further promote the fluid
migration needed to fill the chamber and thereby place
all reagents in contact with the specimen. One such
feature is the inclusion of one or more vent holes in the
chamber to permit the escape of air. The vent holes will
be adequately distanced from the sample introduction
port to maximize the surface area wetted by the speci-
men. In devices where specimen-activated positive and
negative controls are included inside the chamber in
positions horizontally adjacent to the test area, the vent
holes will be arranged to assure that the specimen
reaches both controls and fills them to avoid any false
or ambiguous readings. As discussed below, one pre-
ferred arrangement of the device is the placement of the
test area between the control areas such that the posi-
tive and negative control areas do not share a common
boundary although each does share a common bound-
ary with the test area. In this arrangement, the sample
introduction port is most conveniently placed at a loca-
tion in the wall directly above the test area, and one
vent hole is placed above each of the two control areas
at or near the outer extremities of these areas, thereby
causing the specimen to fill first the test area and then
both control areas.

Another feature promoting fluid migration in pre-
ferred embodiments of the invention is the placement of
a surface-active agent along the interior surface of the
chamber. The agent may be along one or the other of
the upper and lower surfaces of the chamber, preferably
both, and may be included as a dry solute in a support
matrix comprising the innermost lamina or coating on
the surface. In some cases, the lamina will also contain
one or more reagents taking part in the test reactions. In
other cases, the surface-active agent will be the sole
functional component of the lamina.

Surface-active agents will be useful for specimens
which are water-based, as most biological specimens
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are. Suitable surface-active agents will be those which
can be rendered in solid form, and a wide variety of
substances which have a surface-active effect may be
used. The substances will generally be detergents, wet-
ting agents or emulsifiers, and will vary widely in chem- 5
ical structure and electronic character, including ani-
onic, cationic, zwitterionic and nonionic substances.

Examples are alkylalkoxy sulfates, alkyl aryl sulfonates,
glycerol fatty acid esters, lanolin-based derivatives,

polyoxyethylene alkyl phenols, polyoxyethylene
amines, polyoxyethylene fatty acids and esters, poly-
oxyethylene fatty alcohols and ethers, poly(ethylene
glycol) fatty acids and esters, polyoxyethylene fatty
esters and oils, polyoxypropylene/polyoxyethylene
condensates and block polymers, sorbitan fatty acid
esters, sulfo derivatives of succinates, alkyl glucosides, |
and cholic acid derivatives. Trade names of products
falling within some of these classes are Lubrol, Brij,
Tween, Tergitol, Igepal, Triton, Teepol and many oth-
€rs. 20

Formation of the solid laminae, both indicator and °
reagent laminae, may be done by applying the lamina
material in liquid form followed by drying or other
solidification. The liquid form of the substance may be,
for example, a solution, a suspension, or an uncured 25
liquid state of the substance, and the solidification step
may thus be an evaporation of the solvent or a curing of
the substance. The substance of interest may be com-
bined with additional materials for any of a variety of
purposes, such as for example:

(1) to facilitate the application of the liquid to the

surface by modifying the viscosity of the liquid,

(2) to help form a continuous smooth solid layer

which remains uniform and does not disintegrate or
granulate over time or upon the application of 35
additional layers over it,

- (3) to modify the solubility of the layer with solvents
used in layers to be applied over it or to make the
layer soluble in solvents which do not dissolve
layers applied underneath,

or all of these at the same time. Soluble polymeric mate-
rials are preferred additives to serve one or all of these
purposes. Examples are cellulose and various cellulose
derivatives, with the substitutions appropriately se-
lected to achieve the desired solubility characteristics. 45
For those test devices designed for aqueous or other
water-based samples, the indicator lamina preferably
contains the indicator retained in a matrix of solid mate-
rial which is insoluble in water. This prevents the indi-
cator from migrating out of the lamina and away from
the light-transmitting surface. Alternatively, however,
the indicator itself is insoluble in water and will by itself
form a coherent lamina which will remain intact.

For those embodiments of the invention in which a
positive control indicator, a negative control indicator 55
or both are included in the device, one or more addi-
tional reagents will be included for each control. These
additional reagents will either be incorporated within -
one of the existing laminae in a horizontally defined
portion of that ]amina or applied as a separate, vertically 60
adjacent lamina over a horizontally defined portion of
the existing lamina. By virtue of their position in the
chamber, therefore, these additional reagents define
control areas which are horizontally separated from
each other and from the test area.

The selection of an appropriate reagent for a positive
or negative control will depend on the hydrolase
toward which the overall test is directed, the type of
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visual indicator used to detect the presence of the hy-
drolase, and whether the reagent is intended to serve as
a positive control or a negative control. By utilizing -
known chemistries, the selection of an appropriate rea-
gent will 1n most cases be apparent to those skilled in the
art. The reagent for a positive control, for example, may
be a sample of the hydrolase itself, an analogue of the

hydrolase, or any other species with a parallel mode of
action which initiates or induces the reaction or reac-

tion sequence which culminates in a detectable change
in the indicator. The lamina containing this reagent will
be on either the upper or lower surface of the chamber
provided that the reagent will not initiate or induce the
detectable change until the specimen is present, but will
do so independently of the presence or absence of the
enzymatically active hydrolase in the specimen. The
reagent for a negative control may likewise be an inhib-
iting species such as a denaturing, inhibiting or other-
wise inactivating agent which prevents or blocks the
reaction or reaction sequence, and thereby prevents the
detectable change from occurring regardless of
whether or not the enzymatically active hydrolase is
present in the sample or specimen.

Both controls are activated when the specimen is
applied to the test device. In some cases, this is achieved
most effectively by placing the control reagents in lami-
nae on the same surface as the lamina(e) containing the
other reagent(s). In others, best results are achieved
when the control reagents are placed in laminae on the
chamber surface opposite that which bears the other
reagent(s), such that the control reagent and the remain-
Ing reagent(s) are separated by the air gap. In preferred
embodiments, the control areas of the device will con-
tain all components and reagents used in the test area
with the addition of the control reagents, either incor-
porated in horizontally delineated sections of one or
more of the same laminae used in the test area or applied
as separate laminae over such horizontally delineated
sections. To achieve sharp boundaries for the control
areas and to prevent the control reagents from activat-
ing or deactivating the test area, it is often beneficial to
place discontinuities in the laminae at the boundarie
separating the control areas from the test area to mini-
mize or eliminate the possibility of lateral diffusion of
the control reagents out of their respective control
areas. These discontinuities may be in laminae along the
upper surface, the lower surface, or both.

As mdicated above, the controls are preferably acti-
vated by the same specimen sample used for the test.
This is conveniently done by arranging the control
areas as extensions of the test area, all contained in the
same chamber in the test device, with unobstructed
fluid communication between the various areas. In pre-
ferred embodiments where both positive and negative
control areas are included, the control areas are isolated
from each other by the test area which is positioned in
between the two. Filling of all areas with a single appli-
cation can be accomplished with the arrangement of the
sample introduction port and vent holes described
above. Since the detectable changes, or absence thereof,
are detectable through the light-transmitting wall of the
device, the identification of areas as positive and nega-
tive controls is conveniently achieved by placing appro-
priate indicia on the outer surface of the device.

The light-transmitting wall may be any material
which is inert and sufficiently rigid to support the indi-
cator lamina, and yet sufficiently transmissive of light to
show the change in the indicator as soon as it occurs.
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Translucent or transparent materials, preferably nonab-
sorptive materials, may be used; transparent materials

are preferred. Examples of transparent polymeric mate-

rials suitable for this use are polyethylene terephthalates
(such as, for example, Mylar ®) and polycarbonates
 (such as, for example, Lexan ®)). The opposing (i.e.,
bottom) wall of the device may likewise be made of
transparent or translucent material, although it may also
be of opaque material since visualization of the test
results as well as the positive and negative controls is
required only from one side of the device. When the
bottom wall is transparent, detection of the change in
the test area, control areas or both through the top wall
can be enhanced by applying a printing or coating to
either surface of the bottom wall with a colored or
reflective material to heighten the color contrast.

The test device may be formed in a variety of ways.
Sheets of polymeric material may be laminated to-
gether, with appropriate cutouts to define the shape of
the chamber and holes for the sample introduction port
and the vent holes. The depth of the chamber as well as
its shape and lateral dimensions will then be defined by
the thickness of the central sheet, while the placement
of the holes will be controlled by the top sheet. The
indicator and reagent coatings may be applied to the top
sheet, bottom sheet or both, as required, before the
sheets are assembled into the laminate. The sheets may
then be secured together by any conventional means,
such as, for example, by heat sealing or through the use
of adhesives.

A particularly preferred method of forming the de-
vice is by the use of a single sheet of transparent or
otherwise light-transmitting polymeric material, with a
section of the sheet embossed or otherwise processed,
mechanically or chemically, to contain a depression or
indentation of constant depth in the inner surface of the
chamber. The depression is located on one half of the
sheet, with the holes for sample introduction and vent-
ing on the other half. The indicator and reagent coat-
ings are applied at appropriate locations on the sheet,
and the half containing the holes is then folded over the
other half to form the enclosed chamber and to achieve
correct alignment of the areas representing the upper
and lower surfaces of the chamber. The facing surfaces
of the sheet are bonded together as in the laminate of the
preceding paragraph.

A preferred method for bonding the two halves to-
gether 1s through the use of a heat-sensitive, pressure-
sensitive, water-based or solvent-based adhesive. The
adhesive may be restricted to the areas peripheral to the
chamber to avoid contact with the test reagents, or it
may cover the entire surface of the sheet, having been
applied prior to application of the indicator and reagent
coatings. In the latter case, appropriate adhesives will
be those which are transparent, inert, wettable by, and
otherwise compatible with the layers to be applied over
it. Many types of adhesives suitable for this application
exist, and the most appropriate choice will vary from
one system to the next depending on the layers to be
applied above it.

In yet another aspect of the present invention, a test
device for testing a sample for the presence of candidia-
sis by assaying for the presence of enzymatically active
aspartic protease is provided, the test device compris-
ing: a receptacle defined at least in part by first and
second opposing walls having interior-facing surfaces
with a gap therebetween, the first, second, or both walls
being of hght-transmitting material; a reporter enzyme
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immobilized on a solid support on the interior-facing
surface of one of the first and second walls in such a
manner whereby the reporter enzyme is released upon
action of the aspartic protease; an indicator immobilized
on the interior-facing surface of one of the first and
second walls, the indicator being one which undergoes
a detectable change upon action of the reporter enzyme:;
and an opening in the receptacle for introduction of the
sample.

The reporter enzyme or marker enzyme used in this
test device can be any signal generating enzyme not
subject to inactivation by any agent in the sample, in-
cluding hydrolysis by any aspartic protease activity or
any other hydrolase activity present in the sample. Such
reporter enzymes include, but are not limited to, the
following: peroxidases, phosphatases, oxidoreductases,
dehydrogenases, transferases, isomerases, kinases, re-
ductases, deaminases, catalases, urease and glucuroni-
dase. Presently preferred reporter enzymes are the
peroxidases, such as, for example, horseradish peroxi-
dase.

The reporter enzyme is immobilized on a first solid
support, 1.e., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released upon
action of aspartic protease. The reporter enzyme can be
immobilized on the solid support through the use of a
linker molecule having a hydrolyzable linkage which is
a substrate for aspartic protease. In this test device, such
linker molecules include proteins and peptides, with
proteins being the preferred linker molecules. If the
linker molecule is a protein, preferred proteins include,
but are not limited to, the following: azocasein, casein,
to-casemn, immunoglobulins, hemoglobin, myoglobin,
albumin, elastin, keratin and collagen. In preferred em-
bodiments of this test device, the linker molecule is
K-casein, casein, hemoglobin, or myoglobin.

In this test device of the present invention, the indica-
tor 1s immobilized on a second solid support which is
not i contact with the first solid support. Preferred
solid supports in accordance with the present invention
include, but are not limited to, the following: cellulose,
agarose, dextran, polyacrylate, or their derivatives chi-
tin, sepharose, oxirane acrylic beads, polymeric dialde-
hyde, starch, collagen, keratin, elastin, bovine hide
powder, bacterial cell wall peptidoglycan or fragments
thereof, polyacrylamide, nylon, polyethylene tereph-
thalates, polycarbonates, and controlled pore glass.
Immobilization of the indicator on the second solid
support is carried out using conventional methods and
procedures known by those skilled in the art.

The indicator can be any chemical species which
undergoes a detectable change as the result of the reac-
tion or as a result of the culmination of reactions occur-
ring when the enzymatically active hydrolase is present
in the sample or specimen. The resulting detectable
change is an indication of the presence of enzymatically
active aspartic protease in the sample and, in ram, the
presence of enzymatically active aspartic protease in the
sample indicates the presence of candidiasis. Preferred
indicators are visual indicators and, in particular, chro-
mogenic indicators, i.e., those in which the visible
change is a change in color, including the formation of
color in an otherwise colorless material, upon action of
the reporter or marker enzyme when it is released from
the solid support by the enzymatically active aspartic
protease whose presence is being detected.

A wide variety of chromogenic indicators (i.e., chro-
mogens) and other species having a similar effect may
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be used as visual indicators. Preferred chromogenic
indicators in accordance with the present invention
when peroxidase is the releasable reporter enzyme
being used, comprise a hydroperoxide and a chromogen
including, but not limited to, one of the following: gua-
1ac, 2-2'-azino-bis(3-ethyl-benthiazoline-6-sulfonic
acid), tetramethylbenzidine, phenol, 4-aminoantipyrine,
and 4,5-dihydroxynaphthalene-2,7-disulfonic acid. A
particularly preferred chromogenic indicator is com-
prised of a hydroperoxide and guaiac, which is colorless
in its reduced state and deep blue in its oxidized state.
If the visual indicator is a chromogenic indicator for

peroxidases or pseudoperoxidases, a solid chromogen

system 1s employed, and such a system comprises a

hydroperoxide, a chromogen capable of being oxidized

by hydroperoxides in the presence of a peroxidase, and
a solid support onto which the chromogen has been
impregnated or immobilized and dried. In this system,
- the chromogen can be impregnated onto a bibulous
paper or support as 1s done with Hemoccult ®) slides or,
alternatively, the chromogen can be deposited onto a
plastic or other sheet in the form of a thin layer. In this
latter format, the chromogen would be layered as a
solution containing a polymeric material (such as, for
example, hydroxypropyl cellulose, ethyl cellulose, etc.
). If the chromogen itself is a water soluble chromogen,

it can be trapped in a matrix of material which is insolu-

ble in water. Alternatively, if the chromogen itself is
insoluble in water, it can be layered as a solution in an
organic solvent either alone or in combination with a
water soluble or water insoluble polymer.

In this solid chromogen system, the hydroperoxide
can be provided either in a solid form (such as, for
example, titanium hydroperoxide) or it can be generated
in situ in the test device. In the presence of the hydro-
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peroxide and the peroxidase upon its release from the

first solid support by the enzymatically active aspartic
protease, the chromogen will be oxidized and a visually
detectable change in color will result. As previously
mentioned, this resulting change in color is an indica-
tion of the presence of enzymatically active aspartic
protease 1n the sample or specimen and, in turn, the
presence of enzymatically active aspartic protease indi-
cates the presence of candidiasis.

In a final aspect of the present invention, a test device
for testing a sample for the presence of an inhibitor of a
target hydrolase is provided, the test device comprising:
a receptacle defined at least in part by first and second
opposing walls having interior-facing surfaces with a
gap therebetween, the first wall, the second wall, or
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both being of light-transmitting material; a target hy-

drolase contained on the interior-facing surface of one
of the first and second walls, the target hydrolase being
susceptible to inactivation by the presence of the inhibi-
tor; a reporter enzyme immobilized on a solid support
on the interior-facing surface of one of the first and
second walls in such a manner whereby the reporter
enzyme 1s released upon action of the target hydrolase if
the target hydrolase is not inactivated by the presence
of the inhibitor; an indicator contained on the interior-
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facing surface of one of the first and second walls, the

indicator being one which is susceptible to a detectable
change upon action of the reporter enzyme; and an
opening in the receptacle for introduction of the sample.

To detect the presence of a hydrelase inhibitor in a
sample, a defined quantity of the target hydrolase is
incorporated into the test device either immediately
prior to performing the test, or, preferably, during the
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manufacture of the test device. Test performance in-
volves detecting the ability of the sample to inhibit the
target hydrolase. In the event that the target hydrolase
inhibitor 1s not present in the sample, the target hydro-
lase will release the reporter enzyme from the solid
support, thereby producing a detectable response in the
indicator. Conversely, if the target hydrolase inhibitor
is present in the sample, the target hydrolase will be
inhibited, the reporter enzyme will not be released from
the solid support, and a detectable change or response -
will not be produced in the indicator. It is not essential
that the inhibitor in the sample completely inhibit the
target hydrolase added to the test device. It is only
required that a sufficient amount of target hydrolase
inhibition occurs to produce a noticeable difference in
the anticipated detectable response. The positive and
negative control elements of the test device provide
comparison responses to illustrate the appearances of
completely inhibited target hydrolase and target hydro-
lase free of inhibition.

‘The sensitivity of this enzyme release technology can
be adjusted as needed by incorporating defined quanti- |
ties of the target hydrolase into the test device. Simi-
larly, if desired, exposure time of the target hydrolase to
any inhibitor in the sample can be regulated by physi-
cally or chemically separating the target hydrolase from -
the immobilized reporter enzyme. For example, by
coating the immobilized reporter enzyme in a timed-
release matrix, a pH degradable coating, or other con-
trolled-release material which dissolves comparatively
slowly, temporal access of the target hydrolase to the
immobilized reporter enzyme can be controlled. Alter-
natively, the target hydrolase can be present in a loca-
tion or chemical form which is immediately accessible
to any mhibitor which may be present in the sample.
Hence, prior to its gaining access to the immobilized
reporter enzyme, the target hydrolase can first be ex-
posed to the inhibitor for sufficient time for inhibition to |
take place. Since access to the immobilized reporter
enzyme can be temporally regulated, the test results can
detect the presence of even slowly acting inhibitors.

This test device of the present invention can be used
to test a sample for the presence or absence of any
known inhibitor of a hydrolytic enzyme, including, but
not limited to, the following: inhibitors of the proteases
or (interchangeably) proteinases, peptidases, lipases,
nucleases, homo- or hetero-oligosaccharidases, homo-
or hetero-polysaccharidases, phosphatases, sulfatases,
neuraminmidases and esterases. In a preferred embodi-
ment, this test device is used to assay for the presence -
protease inhibitors, including, but not limited to, the
following: aspartic protease inhibitors, serine protease
inhibitors, thiol protease inhibitors, metallo protease
inhibitors, acid protease inhibitors and alkaline protease

1nhibitors. In a further preferred embodiment, this test

device is used to assay for the presence of aspartic pro-
tease inhibitors such as, for example, pepstatin, ovomac-
roglobulin, haloperidol, transition state mimetics, U-
81749, H-261, MV7-101, A-75925, A-76928 and A-7003.
U-81749, H-261, MV7-101, A-75925, A76928 and A-
7003 are experimental drugs which have previously
been described in the literature. In an even further pre-
ferred embodiment of this test device of the present
invention, pepstatin is the aspartic protease inhibitor
whose presence is being detected.

In accordance with this test device of the present
invention, target hydrolases include, but are not limited
to, the following: proteases, proteinases, peptidases,



3,416,003

29

lipases, nucleases, homo- or hetero-oligosaccharidases,
homo- or hetero-polysaccharidases, phosphatases, sulfa-
tases, neuraminidases and esterases. The particular tar-
get hydrolase used in this test device will depend upon
which inhibitor is being detected, and the selection in
any given case will be readily apparent to those skilled
in the art. If, for example, pepstatin is the inhibitor being
detected, then aspartic protease would be the target
hydrolase used in the test device described above.
Moreover, the appropriate concentrations of the target
hydrolase, the geometric location of the target hydro-
lase in the test device, and the appropriate timed- and
controlled-release technologies and matrices are known
to those skilled in the art.

As with the other test devices presently claimed, the
reporter enzyme or marker enzyme used in this particu-
lar test device can be any signal generating enzyme, i.e.,
an enzyme whose activity brings about a visible or
detectable change, not subject to inactivation by any
agent in the sample, including inactivating hydrolysis
by the target hydrolase present in the test device. Such
reporter enzymes include, but are not limited to, the
following: peroxidases, phosphatases, oxidoreductases,
dehydrogenases, transferases, isomerases, kinases, re-
ductases, deaminases, catalases, urease and glucuroni-
dase. The selection of an appropriate reporter or marker
enzyme will be readily apparent to those skilled in the

. In this test device of the present invention, the
preferred reporter enzymes are the peroxidases, and, in
particular, horseradish peromdase

The reporter enzyme is immobilized on a solid sup-
port, 1.e., an insoluble matrix, gel or resin, in such a
manner whereby the reporter enzyme is released upon
action of the target hydrolase if the target hydrolase is
not mactivated by the presence of the inhibitor in the
sample. Solid supports in accordance with the present
invention include, but are not limited to, the following:
celiulose, agarose, dextran, polyacrylate, polyacryl-
amide, or their derivatives, chitin, sepharose, oxirane
acrylic beads, polymeric dialdehyde, starch, collagen,
keratin, elastin, bovine hide powder, bacterial cell wall
peptidoglycan or fragments thereof, nylon, polyethyl-
ene terephthalates, polycarbonates, and controlled pore
glass.

As previously explained, the reporter enzyme can be
immobilized on the solid support through the use of a
linker molecule which is a hydrolyzable substrate for

the enzymatically active target hydrolase. Such linker

molecules include, but are not limited to, the following:
proteins, carbohydrates, lipids, peptides, esters and nu-
cleic acids. The particular linker molecule used to at-
tach the reporter enzyme to the solid support will de-
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pend on which target hydrolase is incorporated in the

test device, and the selection in any given case will be
readily apparent to those skilled in the art.

The indicator can be any chemical species which
undergoes a detectable change as a result of the reaction
or as a result of the culmination of reactions occurring
if the enzymatically active target hydrolase is not inacti-
vated by the presence of the inhibitor in the sample or
spemmen Preferred indicators are visual indicators and,
in particular, chromogenic indicators, i.e., those in
which the visible change is a change in color including
the formation of color in an otherwise colorless mate-
rial, upon action of the reporter or marker enzyme
when 1t is released from the solid support by the enzy-
matically active target hydrolase provided it is not inac-
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tivated by the presence of the inhibitor in the sample or
specimen.

A wide variety of chromogemc indicators (1 e., chro-
mogens) and other species having a similar effect may
be used as visual indicators. Preferred chromogenic
indicators for peroxidase-like reporter enzymes in ac-
cordance with the present invention comprise a hydro-
peroxide and a chromogen including, but not limited to,
one of the following: guaiac, 2-2'-azino-bis(3-ethyl-ben-
thiazoline-6-sulfonic acid), tetramethylbenzidine, phe-
nol, 4-aminoantipyrine, and 4,5-dihydroxynaphthalene-
2,7-disulfonic acid. A particularly preferred chromo-
genic indicator is comprised of a hydroperoxide and
gualac, a chromogen which is colorless in its reduced
state and deep blue in its oxidized state. As previously
described, if the visual indicator is 2 chromogenic indi-
cator, it is possible to employ either a liquid chromogen
system or a solid chromogen system.

It should be understood that the prior discussion
pertaining to the structure of the test device for assaying
for the presence of a hydrolase, its construction and its
preferred embodiments is fully applicable to the test
device for testing a sample for the presence of candidia-
sis by assaying for the presence of enzymatically active
aspartic protease, and to the test device for testing a
sample for the presence of an inhibitor of a target hy-
drolase.

While the invention is not intended to be limited to
any particular construction of a test device, the attached
Figures, which are not drawn to scale, illustrate how
one such device may be constructed.

FIG. 1 depicts the support structure of the device in
a perspective view, prior to the indicator and reagents
being applied and the chamber being enclosed. The
support structure consists of a single sheet 11 of rela-
tively stiff, transparent, chemically inert plastic mate-
rial, with a score line 12 defining a fold separating the
sheet into two halves 13, 14, each having the same
length and width. The lower half 13 contains an inden-
tation of a composite shape consisting of a circle 15 at
the center with two rectangular extensions 16, 17 ex-
tending to opposite sides. The upper half 14 contains
three holes including a central hole 18 which serves as
the sample introduction port, and two side holes 19, 20
which serve as vent holes. The two vent holes 19, 20 are
circular, while the sample introduction port 18 is circu-
lar with one straight edge to facilitate scraping of the
specimen from the swab which is used as a transfer
device. The holes are positioned such that when the
plastic 1s folded at the score line 12 and the top half 14
is placed in contact with the bottom half 13, the sample
introduction port 18 is above the center of the circular
part 15 of the indentation, and the vent holes 19, 20 are
above the two rectangular extensions 16, 17 at the out-
ermost edge of each. The two rectangular extensions 16,
17 represent the positive and negative control areas of
the device.

Many wvariations of the device of FIG. 1 may be
made. The two halves 13, 14 may be of differing
lengths, widths or both for various reasons. The only
critical feature is that the indentations in the lower half
and the holes in the upper half be positioned relative to
the score line such that the holes and indentations are in
proper registration when the two halves are folded at
the score line. As another example, the rectangular
extensions 16, 17 in the lower half of the structure may
terminate in circular (or half-circular) areas to match
the vent holes 19, 20 in the top half. The vent holes
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themselves may be of any shape. In fact, vent holes
which are shaped differently from the sample introduc-
tion hole 18 have the advantage of preventing user
confusion as to where to introduce the sample.

FIG. 2 is a side cutaway view of the device of FIG.
1, showing the chamber 31 in cutaway after the coatings
have been applied and the two halves folded over and
sealed to one another. The inner surfaces of each of the
two halves 13, 14 of the transparent polymer are coated
with an adhesive 32, 33, respectively. Directly under-
neath the upper adhesive layer 33 is the layer containing
the visual indicator 34, and beneath the latter is a layer
of reagent 35. It will be noted that both the visual indi-
cator layer 34 and the reagent layer 35 can extend the
full length and width of the chamber, surrounding the
sample introduction port 18 and extending into 2ll areas
of the chamber.

The test and control areas of the chamber are defined
by the horizontal locations of the coatings on the lower
wall 13 of the chamber. A reagent for the negative
control 1s contained in one coating 36 which occupies
the lower surface of one of the two rectangular exten-
sions 16 of the chamber (see FIG. 1), and a reagent for
the positive control is contained in a second coating 37
similarly situated in the other rectangular extension 17.
Alternatively, reagents for the controls may be placed
on the upper surface of the chamber rather than the
lower. This is in fact preferred for certain assays. The
portion of the lower surface under the central circular
portion 15 of the chamber (see FIG. 1) is coated with a
layer 38 which may either contain an additional reagent
used 1n the test reaction or no reagent at all. Thus, as
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viewed from the top of the closed device, the circular

test area 41 1s flanked by a rectangular negative control
area 42 and a rectangular positive control area 43. The
three segments 36, 37, 38 can be separated by gaps or
discontinuities 44, 45 to retard or minimize diffusion
between, or contact of, the contents of these segments.
Similar discontinuities may also be placed in either or
both of the visual indicator and reagent layers 34, 35,
directly above the discontinuities 44, 45 in the lower
layer. The discontinuities in the visual indicator and
reagent layers will further prevent diffusion of control
components or other reagents from the control areas
into the test area. The most inward-facing of the layers
33, 36, 37, 38 all may contain, in addition to any reagents
present, a wetting agent or detergent to promote the
rapid and complete spreading of the specimen along the
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upper and lower surfaces to fill the chamber. In some

cases, the same effect is achieved by a layer of protein.

In certain embodiments of the invention, the reagents
tend to deteriorate upon prolonged exposure to air or to
air-borne moisture. In the device shown in FIG. 2, this
is prevented by a thin sheet of material 46 which is both
moisture-impermeable and air-impermeable. The sheet
covers the sample injection port and both vent holes,
sealing the chamber interior from the environment until
the device is ready for use, whereupon the sheet is
readily peeled off. For materials which are particularly
water-sensitive or air-sensitive, it may also be desirable
to place a moisture- and air-impermeable sheet on the
bottom of the device, the sheet being either perma-
nently attached or capable of being peeled off. Further
protection against moisture and air can be achieved by
placing the device in a pouch which completely sur-
rounds the device.

As mdicated above, each of the dimensions of the
device shown in FIGS. 1 and 2 may vary, as may their
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arrangements and shapes. A typical example, however,
is one in which the support sheet is Mylar 5 mil in thick-
ness (0.005 inch, 0.0127 cm), and the adhesive layer is
low density polyethylene 2 mil in thickness (0.002 inch,
0.0051 cm), the gap width 47 is 7.5 rail (0.0075 inch,
0.019 cm), the test area is a circle 5/16 inch in diameter
(area: 0.0766 square inch, 0.494 cm?), and the negative
and positive control areas each measure } inchX1/16
inch (area: 0.0078 square inch, 0.0504 cm?2). The air
vents 1n this example are each circular, and they and the
sample mtroduction port are each % inch (0.32 cm) in
diameter. The chamber volume is approximately 12 pL.

The test device of the present invention is useful for
testing samples for the presence of a hydrolase from a
wide range of sources, including biological sources and
otherwise. Bodily fluids such as blood, serum, plasma,
urine, urethral discharge, tears, vaginal fluid, cervical
exudate, spinal fluid and saliva, as well as non-bodily
fluids such as foods, pond or swimming pool water and
liquid wastes are examples.

EXAMPLES
I. Preparations

A. Preparation of Cyanogen Bromide Activated Solid
Supports

1. MATERIALS
a. Solid, insoluble supports (Sepharose 4B, chitin, and
Sigmacell ® 20 [purchased from Sigma Chemical
Co.])
b. Distilled water and ice made with distilled water
c. 4.0M NaOH
d. Solid CNBr '
e. Coupling buffer (0.1M NaHCO3 containing 0.5M
NaCl)
f. Magnetic stirring motor and stirring bar; pH meter:;
chemical fume hood
2. PROCEDURE
Ten milliliters (10 mL) of cold distilled water were
added to 5 grams moist, washed solid support, and the
mixture was chilled to 10° C.-15° C. The pH of the
suspension was adjusted to 10.8 with 4.0M NaOH, and
100 mg solid, crushed CNBr were added per gram
moist solid support. The pH was maintained at 10.8 by
adding 4.0M NaOH as necessary, and the temperature
of the suspension was allowed to increase to 18° C.-20°
C. during the activation process. Activation was consid-
ered complete when no further additions of 4.0M
NaOH were needed to maintain pH at 10.8. At this time,

crushed ice was added to cool the reaction mixture, and

the suspension filtered on a pre-chilled sintered funnel.
The filtrate was collected in a suction flask containing
solid ferrous sulfate which inactivated residual CNBr
and cyanide remaining in the reaction mixture. The
solid support was washed with 1 liter cold distilled
water and 1 liter coupling buffer under suction and
stored as a moist paste at 4° C.

B. Preparation of [Kappa-Casein-HRPO] Conjugates
(Hydrazide Method)

1. MATERIALS

a. Kappa-Casein and Horse Radish Peroxidase
(HRPO) Hydrazide {purchased from Sigma Chem-
ical Co.] |

b. Distilled water

c. Buffers:
1. 50 mM 2-[Morpholino] ethane sulfonic acid]

(MES) buffer, pH 6.0
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1. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M Nac(l
1. 100 mM Sodium borate, pH 9.0 containing 0.5M
NaCl

d. Solid sodium periodate

e. 100 mM Formaldehyde

2. PROCEDURE

a. Periodate Activation of Kappa-Casein

Twenty mg of Kappa-Casein were dissolved in 2 mL
MES buffer and 8.6 mg solid sodium periodate were
added to the solution. The mixture was incubated on a
rotor for 30 minutes in the dark at room temperature.
The reaction mixture was then dialyzed against approxi-
mately 300 mL 50 mM MES, pH 6.0 for approximately
45 minutes at room temperature, after which the dialysis
fluid was replaced and dialysis continued for an addi-
tional 45 minutes.

b. Covalent Linking of HRPO to Kappa-Casein

Five mg HRPO hydrazide (approximately 175
Units/mg protein) were added to the activated, dia-
lyzed Kappa-Casein, and the mixture incubated with
agitation for 4 hours at room temperature. Two hun-
dred microliters of 100 mM formaldehyde were added
to the mixture, and incubation continued at room tem-
perature for and additional 30 minutes. Two mL 1M
cold acetate buffer, pH 4.0 were added, and the conju-
gate allowed to precipitate for 30 minutes at 4° C. The
pellet was removed by centrifugation, redissolved in 2
mL 100 mM borate buffer, pH 9.0, and stored at 4° C.
until used.

C. Attachment of [Kappa-Casein-HRPO] Conjugates
(Hydrazide Method) to Cyanogen Bromide Activated
Supports

1. MATERIALS
a. [Kappa-Casein-HRPO] conjugates (PREPARA-
TION B)
b. Distilled water
c. Buffers:
1. Coupling Buffer (0.1M NaHCO3 containing 0.5M
NaCl)
ii. 1.0M Tris buffer, pH 8.0
1. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NacCl
1v. 100 mM Sodium borate buffer, pH 9.0, contain-
ing 0.5M NaCl
d. Cyanogen bromide activated Sepharose 4B and
Sigmacell ®) 20 (PREPARATION A)
e. Cyanogen bromide activated Sepharose 6 MB
(from Sigma Chemical Co.)
2. PROCEDURE
a. Cyanogen Bromide Activated Sepharose 4B and
Sigmacell ®) 20
Two milliliters [Kappa-Casein-HRPO] conjugate
prepared from the hydrazide of HRPO as described in
PREPARATION B were diluted with 3 mL coupling
buffer and added to one gram moist cyanogen bromide-
activated Sepharose 4B or Sigmacell ®). The suspension
was mixed end-over-end at room temperature for two
hours. The solid support was washed with coupling
buffer and water and 3 mL 1.0M Tris buffer, pH 8 were
added. The suspension was mcubated for 2 hours at
room temperature to inactivate remaining active sites
on the solid support. Three washing cycles, each con-
sisting of pH 4.0 acetate buffer followed by coupling
buffer, were used to remove unbound materials from
the support. A final wash with distilled water was used,
and the moist suspension stored at 4° C. until used.
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b. Commercially Activated Sepharose 6 MB (Sigma
Chemical Co.)
The moist gel (1 gram moist weight) was washed

with 200 mL 1 mM HCI prior to use as described
above.

c. Activated Chitin
The procedure described in A above was employed,

except that 500 mg of moist, activated chitin were used,
instead of 1 gram.

D. Preparation of Horse Radish Peroxidase (HRPO)
Aldehyde

1. MATERIALS

a. HRPO, Type 11, 200 Units/mg (from Sigma Chem-
ical Co.)
b. 20 mM 2-(N-morpholino)ethanesulfonic acid
(MES) buffer, pH 5.0
¢. Solid sodium periodate
d. Biogel R) P-30 spherical polyacrylamide gel pur-
chased from Bio-Rad
2. PROCEDURE
23.7 mg sohd sodium periodate (40 millimoles) were
added to 30 mg HRPO in 3 mI. MES buffer. The solu-
tion was incubated in the dark for 30 minutes at room
temperature with continuous rotation. The solution was
passed through a P-30 column in MES buffer to remove
excess sodium periodate, and the colored HRPO col-
lected 1n a total volume of 3 ml. The HRPO aldehyde
was immediately coupled to the desired protein (hemo-
globin, myoglobin, or casein).

E. Attachment of Hemoglobin and Myoglobin to
Cyanogen Bromide Activated Solid Supports

1. MATERIALS
a. Solid, 1nsoluble supports
1. Cyanogen bromide activated sepharose 6MB
(from Sigma Chemical Co.)
1. Sigmacell ® 20 (as described in PREPARA-
TION A)
b. Distilled water
c. Buffers:
1. Coupling Buffer (0.1M NaHCOj; containing 0.5M
NaCl)
ii. 1.0M Tris buffer, pH 8.0
ni. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaCl
1v. 100 mM Sodium borate buffer, pH 8.0 contain-
ing 0.5M NaCl

v. 0.1 Percent (v/v) glutaraldehyde solution in water
2. PROCEDURES

One hundred milligrams of either hemoglobin or
myoglobin dissolved in 5 mlL. of coupling buffer were
added to 1 gram moist solid support. The suspension
was mixed end-over-end at room temperature for two
hours. The solid support was washed with coupling
buffer and water and 3 mL 1.0M Tris buffer, pH 8 were
added and the suspension incubated for 2 hours at room
temperature 10 Inactivate remaining active sites on the
solid support. Three washing cycles, each consisting of
pH 4.0 acetate bufter followed by borate buffer, both
containing sodium chloride, were used to remove un-
bound materials from the support. For myoglobin
derivatized supports, a final wash with distilled water
was used, and the moist suspension stored at 4° C. until
used. For hemoglobin derivatized supports, S mL 0.1%
glutaraldehyde solution were added to the moist sus-
pension resulting from the above procedure, and the
suspension was incubated overnight at 4° C. Three
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washing cycles, each consisting of pH 4.0 acetate buffer

followed by borate buffer at pH 8.0 , were used to re- .

move unbound materials from the support. A final wash
was done with distilled water, and the moist suspension
stored at 4° C. until used.

F. Attachment of Horse Radish Peroxidase (HRPO)
Aldehyde to Hemoglobin or Myoglobin Derivatized
Supports

1. MATERIALS |
a. HRPO aldehyde prepared as described in PREPA-
RATION D
b. Hemoglobin or myoglobin derivatized solid sup-
ports prepared as described in PREPARATION E
¢. 100 mM Sodium cyanoborohydride
d. 1.0M NaCl
e. distilled water
2. PROCEDURE
The three mLL HRPO aldehyde (30 mg) recovered
from the P-30 column in PREPARATION D were
added to 1 gram of the hemoglobin or myoglobin
derivatized solid supports described in PREPARA-

TION E. The suspension was incubated for 16 hours at
4° C. followed by 4 hours at room temperature. Three

washing cycles, each consisting of distilled water and
1.0M NaCl, were used to remove unbound materials
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from the support. The solid support was then incubated

with 5 mL 100 mM cyanoborohydride overnight at 4°
C. A final wash was done with distilled water, and the
moist suspension stored at 4° C. until used.

G. Preparation of Aldehyde-Activated Sigmacell ®) 20

1. MATERIALS |

a. Sigmacell ®) 20 (from Sigma Chemical Co.)

b. Distilled Water

c. Solid Sodium periodate

d. 20 mM Sodium bicarbonate, pH 9.5

2. PROCEDURE

Solid sodium periodate (428 mg) was added to one
gram Sigmacell ®) suspended in 10 mL distilled water.
The mixture was rotated continuously at room tempera-
ture for 2 hours. The pellet was removed by centrifuga-
tion, washed five times with 10 mL distilled water and
once with 10 mL 20 mM sodium bicarbonate, pH 9.5.
The resin was used immediately after preparation.

H. Covalent Attachment of Hemoglobin and
Myoglobin to Aldehyde-Activated Sigmacell ®) 20

1. MATERIALS

a. Aldehyde-activated Sigmacell ®) 20 (PREPARA-
TION G)

b. Distilled Water

c. 100 mM Sodium cyanoborohydride

d. Human hemoglobin and horse heart Myoglobin
(both from Sigma Chemical Co.)

e. Buffers
1. 20 mM Sodium bicarbonate, pH 9.5
. 50 mM Ethanolamine, pH 9.5
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1. 100 mM M Tris buffer, pH 8.0 containing 0.5M

NaCl
iv. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaC(Cl
v. 20 mM MES buffer, pH 5.0
2. PROCEDURE
Fitty mg of either myoglobin or hemoglobin dis-
solved in 9 mL sodium bicarbonate, pH 9.5 were added
to 1 mL of aldehyde-activated Sigmacell ® 20 (PREP-
ARATION G). The suspension was rotated overnight
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at room temperature, and the pellet removed by centrif-
ugation. The pellet was washed with 10 mL water. Nine
mL 50 mM ethanolamine, pH 9.5 were added, and the
mixture rotated continuously at room temperature for
one hour. The pellet was isolated by centrifugation and
washed sequentially with 10 mL each of acetate buffer,
Tris buffer, and MES buffer. Twenty mL of an aqueous
solution of 100 mM sodium cyanoborohydride were
added, and the mixture incubated for one hour with
continuous rotation at room temperature, followed by
overnight incubation at 4° C. After the overnight incu-
bation, the derivatized support was washed five times
with 10 mL aliquots of distilled water and twice with 10
mL aliquots MES buffer.

I. Covalent Attachment of HRPO Aldehyde to
Hemoglobin or Myoglobin Immobilized on
Aldehyde-Activated Sigmacell ®) 20

1. MATERIALS
a. Hemoglobin or myoglobin derivatized Sig-
macell ®) 20 (PREPARATION H)
b. Distilled Water
¢. 100 mM sodium cyanoborohydride
d. Buffers
1. 100 mM M Tris buffer, pH 8.0 containing 0.5M
NaCl
1. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaCl
. 20 mM MES buffer, pH 5.0
e. Aldehyde-Activated HRPO (PREPARATION D)
2. PROCEDURE
Twenty milligrams desalted HRPO aldehyde
(PREPARATION D) dissolved in 2 mL MES buffer,
pH 5.0 were added to 1 gram hemoglobin or myoglobin
derivatized Sigmacell ®) 20 (PREPARATION H), and
the suspension rotated for 1 hour at room temperature
followed by overnight incubation at 4° C. The support

was isolated by centrifugation, and washed twice with
10 mL aliquots of distilled water. Twenty mL 1000 mM

‘sodium cyanoborohydride were added, and the suspen-

sion incubated for 60 hours at 4° C. The pellet was
washed sequentially twice with each of the following:

distilled water; acetate buffer; Tris buffer; and MES
buffer.

J. Covalent Attachment of Hemoglobin to Commercial
Eupergit ® C Acrylic Beads

1. MATERIALS
a. Oxirane acrylic beads (Eupergit ® C, from Sigma
Chemical Co. )
b. Human hemoglobin (type IV from Sigma Chemi-
cal Co.)
c. Buffers and solutions
1. 1.0OM Potassium Phosphate buffer, pH 7.5 con-
taining 0.1% sodium azide (w/v)
1. 1.0M NaCl
1. 5% (v/v) Mercaptoethanol, adjusted to pH 8.0
with 0.5M NaOH
iv. 100 mM Potassium phosphate buffer, pH 7.4
v. 500 mM Potassium phosphate buffer, pH 7.4
vi. 3.5M Sodium thiocyanate
vii. Phosphate buffered saline (PBS) (0.01M so-
dium phosphate, pH 7.2 containing 0.15M NaCl)
d. Distilled water
2. PROCEDURE
Hemoglobin (125 mg) was dissolved in 5 mL 1.0M
phosphate buffer, pH 7.5 containing sodium azide and
added to 1 gram Eupergit ® C. The mixture was al-
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lowed to incubate without agitation for 72 hours at
room temperature. The support was washed three times
with 1.0M NaC(l and five times with distilled water. The
support was mixed with 2.5 mL mercaptoethanol previ-
ously adjusted to pH 8.0, and the suspension allowed to
stand overnight at room temperature. The beads were
washed 10 times with distilled water, placed on a small
sintered glass funnel, and washed sequentially with 50
ml of each of the following: 0.5M potassium phosphate
buffer, pH 7.5; 0.1M potassium phosphate buffer pH 7.5;
3.5M sodmum thiocyanate; and finally with large vol-
umes of phosphate buffered saline (PBS) (0.01M sodium
phosphate, pH 7.2 containing 0.15M NaCl). The deriva-
tized beads were treated with 0.1% (v/v) glutaralde-
hyde with rotation for 2 hours at room temperature,

overnight at 4° C., and then washed with distilled wa-
ter.

K. Covalent Attachment of HRPO Aldehyde
(Preparation D) to Hemoglobin Derivatized
Eupergit ®) C (PREPARATION 1)

1. MATERIALS

a. HRPO aldehyde (PREPARATION D)

b. Hemoglobin derivatized Eupergit ® C (PREPA-

RATION J) |

c. 100 mM Sodium cyanoborohydride

d. 1.0M NaCl

e. Distilled water

2. PROCEDURES

Thirty milligrams of HRPO aldehyde (PREPARA-
TION D) in three mI. MES buffer were added to 1
gram hemoglobin derivatized Eupergit ®) C (PREPA-
RATION J). The suspension was incubated for 16
hours at 4° C. followed by 4 hours at room temperature.
Three washing cycles, each consisting of distilled water
and 1.0M NaCl were used to remove unbound materials
from the support. The solid support was then incubated
with 5 mL 100 mM cyanoborohydride for 60 hours at 4°
C. A final wash was done with distilled water, and the
moist suspension stored at 4° C. until used.

L. Covalent Attachment of Casein-HRPO to Polymeric
Dialdehyde

1. MATERIALS
a. 25 mg Kappa-Casein-HRPO conjugate prepared
by the hydrazide method (PREPARATION B)
dissolved in 2 mL 100 mM borate buffer, pH 9.0
b. Polymeric dialdehyde (from Sigma Chemical Co.)
c. Buffers:
1. 100 mM Ethanolamine, pH 9.5
1. 100 mM Sodium borate bufier, pH 9.0 containing
0.5M NaCl
1. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaCl
iv. 50 mM MES buffer, pH 6.0
d. 100 mM Formaldehyde
e. 100 mM Sodium cyanoborohydride
2. PROCEDURE
Two mL of Kappa-Casein-HRPO conjugate were
prepared as described in PREPARATION B with one
modification: the formaldehyde treatment was omitted.
This solution was mixed with three mI. MES buffer,
and the solution added to 1 gram polymeric dialdehyde.
The suspension was rotated at room temperature for 6
hours, and incubated overnight at 4° C. Two hundred
microliters of 100 mM formaldehyde were added to the
suspension and the mixture incubated for 1 hour at room
temperature. The resin was removed by centrifugation,
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washed with water, and resuspended in 3 mL 100 mM
ethanolamine, pH 8.5. After a two hour incubation with
rotation at room temperature, the resin was sequentially
washed acetate buffer, borate buffer, and water. The
solid support was then incubated with 5 mL 100 mM
cyanoborohydride overnight at 4° C. A final wash was
done with distilled water, and the moist suspension
stored at 4° C. until used.

M. Attachment of HRPO-Labeled (Aldehyde Method)
Whole Casein or Kappa-Casein to Eupergit ® C
Acrylic Beads

1. MATERIALS
a. Oxirane acrylic beads (Eupergit ®) C, from Sigma
Chemical Co.)
b. Bovine whole Casein or Kappa-Casein (from
Sigma Chemical Co.)
c. Buffers and solutions
i. 100 mM Sodium bicarbonate, pH 8.5 containing
0.5M Na(l
1. 100 mM Sodium acetate buffer pH 4.0 containing
0.5M Na(l
ii. 100 mM Tris buffer pH 8.0 , containing 0.5M
NaCl -
iv. 20 mM MES buffer, pH 5.0
v. 5% (v/v) mercaptoethanol in water
vi. 200 mM Sodium borohydride in water
d. Distilled water
2. PROCEDURES
a. Covalent Attachment of Casein or Kappa-Casein
to Eupergit ® C Beads
2 mL of a solution containing either whole casein or
Kappa-Casein (10 mg/mL) in 100 mM sodium bicar-
bonate buffer, pH 8.5 and containing 0.5M NaCl were
added to 1 mL of Eupergit ® C beads suspended in
water. The mixture was incubated with rotation for 48
hours at room temperature. The pellet was isolated by
centrifugation, and washed sequentially with 9 mL ali-
quots of Acetate and Tris buffers, followed by two
washings with 9 ml aliquots of MES buffer. Ten mL
5% mercaptoethanol were added and the mixture incu-.
bated with rotary mixing overnight at room tempera-
ture. The casein-derivatized support was isolated by
centrifugation, and washed four times with 9 mIL MES
buffer.
b. Labeling of Casein immobilized on Eupergit ® C
with HRPO
Three mL aldehyde activated HRPO (PREPARA-
TION D) were added to the casein-derivatized Euper-
git ® C from section A above, and the mixture incu-
bated with rotation for 1 hour at room temperature, and
60 hours at 4° C. The pellet was isolated by centrifuga-
tion, and washed with two 10 mL aliquots of water. An
aqueous solution of sodium borohydride (5 mL) was
added to the pellet, and the suspension incubated for 6
hours at room temperature. The pellet was isolated by
centrifugation, and washed sequentially with 9 mL ali-
quots of Acetate, Tr1s, Acetate, Tris, and MES buffer.

N. Covalent Attachment of Myoglobin-HRPO to
Polymeric Dialdehyde

1. MATERIALS

a. 30 mg horse heart myoglobin dissolved in 2 mL 20
mM sodium bicarbonate bufter, pH 9.5

b. Polymeric dialdehyde (cellulose dialdehyde, pur-
chased from Sigma Chemical Co.)

c. Buffers:
i. 50 mM Ethanolamine, pH 9.5
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1. 100 mM Sodium borate, pH 9.0 containing 0.5M
NaCl
ui. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaC(l
iv. 50 mM MES buffer, pH 6.0 5
v. 100 mM Tris buffer, pH 8.0 containing 0.5M

Na(l
d. 100 mM Formaldehyde

e. 100 mM Sodium cyanoborohydride in water

2. PROCEDURE

a. Covalent Binding of Myoglobin to Polymeric Dial-

dehyde

Two mL of the myoglobin solution were mixed with
1 mL of a suspension of polymeric dialdehyde and the
suspension was rotated at room temperature overnight.
The resin was separated by centrifugation and washed
twice with 10 mL aliquots of water. Nine mL ethanol-
amine solution were added and the suspension incu-
bated with rotation for 1 hour at room temperature. The
resin was isolated by centrifugation, and washed se-
quentially with 10 ml. aliquots of acetate, Tris, and
MES bufter. Twenty mL of sodium cyanoborohydride
were added. The suspension incubated overnight at 4°
C. The Myoglobin-derivatized polymeric dialdehyde
was washed five times with 10 mL aliquots of water,
and twice with MES buffer.

b. Labelling of Myoglobin-Derivatized Beads with

HRPO Aldehyde (PREPARATION D).

Two mL desalted HRPO aldehyde (PREPARA-
TION D) were added to the resin, and the suspension
incubated with rotation at room temperature for 1 hour,
and overnight a 4° C. The resin was then isolated by
centrifugation, washed twice with 10 mL aliquots of
water, suspended 1n 20 mL sodium cyanoborohydride,
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and incubated 60 hours at 4° C. The resin was isolated 35

by centrifugation, washed twice with 10 mL. aliquots of
water, then twice sequentially with four 10 mL aliquots
of acetate/NaCl and Tris/NaCl buffers. Finally, the
resin was washed with 10 mI. MES buffer and stored at
4° C. until used.

O. Preparation of HRPO Labeled Chitin and its Used to
Assay Chitinase -

1. MATERIALS
a. Cyanogen bromide activated chitin (PREPARA.-
TION A)
b. HRPO (Type H from Sigma Chemical Co., 78
units/mg)
c. Chitinase (EC 3.2.1.14, isolated from Streptomyces
grisius and purchased from Sigma Chemical Co.)
d. Buffers:
1. 500 mM Tris/MES buffer, pH 5.4
1. Coupling buffer, 100 mM sodium bicarbonate
containing 0.5M NaCl
i11. 100 mM Sodium acetate buffer, pH 4.0, contain-
ing 0.5M NaCl
iv. 100 mM Sodium borate buffer, pH 8.0, contain-
ing 0.5M NacCl
v. 1.OM Tris buffer, pH 8.0
e. ABTS assay mix: 40 microliters 25 mg/ml. ABTS
(2,2'-Azino-di[3-ethylbenzthiazoline sulfonic acid,
diammonium salt]; 10 microliters 1% (v/v) hydro-
gen peroxide; 950 microliters water
2. Procedure
a. Preparation of HRPO-Derivatized Chitin
Five hundred mg cyanogen bromide activated chitin
(PREPARATION A) were suspended in 5 mL cou-
pling buffer, 5 mg HRPO were added, and the suspen-
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sion mixed end-over-end for 2 hours at room tempera-
ture. The solid material was washed with distilled water
and coupling buffer. Three mL 1.0M Tris, pH 8.0 buffer
were added to the support, and the suspension stirred at
room temperature for 2 hours before being washed 3
times sequentially with acetate and borate buffers, and

finally with water.
b. Chitinase Assay

Fifty mg HRPO labeled chitin were suspended in 200
microliters MES/Tris buffer. Fifty microliters of a solu-
tion of Chitinase (50 units/mL) were added, and the
mixture incubated for 4 hours at 37° C. The reaction
mixture was centrifuged to sediment the chitin, and a 10
microliter aliquot of the supernatant was mixed with
100 microliters of the ABTS assay mix. The chitinase-
catalyzed release of chitin-bound HRPO was detected
by the generation of a green color in the solution.

P. Preparation of Cyanogen Bromide Activated
Sepharose-Casein or Kappa-Casein-HRPO Aldehyde

1. MATERIALS

a. Cyanogen bromide activated Sepharose (PREPA-
RATION A)

b. Casein or Kappa-Casein at 10 mg/mL in coupling
butfer (0.1M sodium bicarbonate containing 0.5M
NaCl)

c. Buffers and Solutions:

1. 50 mM Ethanolamine, pH 9.5

1i. 100 mM Sodium borate, pH 9.0 containing 0.5M
NaCl

1. 100 mM Sodium acetate buffer, pH 4.0 contain-
ing 0.5M NaCl

iv. 20 mM MES buffer, pH 5.0

v. 100 mM Tris buffer, pH 8.5 containing 0.5M
NaCl

vl. 100 mM sodium borohydride in water

d. HRPO aldehyde (PREPARATION D)

2. PROCEDURE

Two mL Casein or Kappa-Casein solution were
added to one mL cyanogen bromide activated Se-
pharose and the suspension incubated for 2 hours with
rotation at room temperature. Seven mL ethanolamine
solution were added, and the mixture incubated for 1
hour at room temperature. The resin was isolated by
centrifugation, and washed sequentially with 9 mL ali-
quots of acetate and Tris buffers containing sodium
chloride, followed by two washes with 9 mL of MES
bufier.

3 ml desalted HRPO aldehyde (PREPARATION -
D) were added, and the mixture rotated for 1 hour at
room temperature, followed by overnight incubation at
4° C. The resin was isolated by centrifugation, and
washed twice with 10 mL water. The resin was sus-
pended in 10 mL sodium borohydride, and the mixture
incubated for 2 hours at room temperature. Finally, the
resin was isolated by centrifugation, and washed se-
quentially with 9 mL of each of the following buffers
containing 0.5M NaCl: acetate; Tris; acetate; and Tris.
The resin was finally washed with 9 mI. MES buffer,
and stored in MES buffer at 4° C. until used.

Q. Covalent Attachment of Myoglobin and Bovine
Serum

Albumin to Finely Pulverized Eupergit ® C Acrylic -
Beads (Eupergit ® C) and Subsequent Covalent Label-
ing With Horse Radish Peroxidase (Aldehyde Method)
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Step 1: Covalent Attachment of Myoglobin and Bovine
Serum Albumin to Eupergit® C Acrylic Beads
(Eupergit ® C)
1. MATERIALS |
a. Oxirane acrylic beads (Eupergit ® C, 150 micron
beads from Sigma Chemical Co.)
b. Horse heart myoglobin (type IV) or bovine serum
albumin (from Sigma Chemlcal Co. )
c. Buffers and solutions
i. 1.0M Potassium Phosphate buffer, pH 7.5 con-
taining 0.1% sodium azide (w/v)
ii. 1.0M NaCl
iii. 5% (v/v) Mercaptoethanol, adjusted to pH 8.0
with 0.5N NaOH
iv. 100 mM Potassium phosphate buffer, pH 7.5
v. 500 mM Potassium phosphate buffer, pH 7.5
vi. 3.5M Sodium thiocyanate
vii. Phosphate buffered saline (PBS) (0.01M so-

10

15

dium phosphate, pH 7.2 containing 0.15M NaCl

d. Distilled water

2. PROCEDURE

One gram of oxirane acrylic beads were ground to a
fine powder manually with a mortar and pestle. Myo-
globin or bovine serum albumin (125 mg) were dis-
solved in 5 mL. 1.0M phosphate buffer, pH 7.5 contain-
ing sodium azide and added to 1 gram finely ground
Eupergit ® C The mixture was allowed to incubate
without agitation for 72 hours at room temperature.
Using centrifugation, the support was washed three
times with 1.0M NaCl and five times with 20 mL dis-
tilled water. The support was mixed with 2.5 mL mer-
captoethanol previously adjusted to pH 8.0, and the
suspension allowed to stand overnight at room tempera-
ture. The beads were washed 10 times, using centrifuga-
tion, with distilled water and washed sequentially with
50 mL of each of the following: 0.5M potassium phos-
phate bufier, pH 7.5; 0.1M potassium phosphate buffer,
pH 7.5; 3.5M sodium thiocyanate; and finally with large
volumes of phosphate buffered saline (PBS) (0.01M
sodium phosphate, pH 7.2 containing 0.15M NaClL
Step 2: Covalent Labeling with Horse Radish Peroxi-
dase (ALDEHYDE METHOD) Horse Radish Peroxi-
dase aldehyde (PREPARATION D) was used to label
the above myoglobin or albumin derivatized acrylic
beads from step 1 above using PROCEDURE F.

R. Coupling of Sigmacell ®) -20 Myoglobin to HRPO
- With Glutaraldehyde

1. MATERIALS

a. Myoglobin covalently attached to cyanogen bro-
mide activated Sigmacell ® 20 (PREPARATION E)

b. 0.5M MES buffer, pH 5.0

c. 1% (v/v) glutaraldehyde in water

d. HRPO-hydrazide (from Sigma Chemical Co., 200

units/mg) -

e. 100 mM formaldehyde

f. 100 mM sodium cyanoborohydride

g. 0.5M Na(Cl

2. PROCEDURES

One mL of glutaraldehyde solution was added to 1
gram of myoglobin conjugated Sigmacell ®) 20, and the
suspension rotated at room temperature for 30 minutes
and washed with water. Five mg HRPO hydrazide in 2
mlL of 100 mM MES bufifer were added to the washed
resin and the suspension rotated for 4 hours at room
temperature. Two hundred microliters of 100 mM
formaldehyde solution were added, and the mixture
allowed to incubate for 30 minutes at room temperature.
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The resin was washed with water, suspended in 5 mL of
100 mM sodium cyanoborohydride, and incubated
overnight at 4° C. The resin was then washed with
distilled water and 0.5M NaCl and stored as a moist
paste until used.

S. Preparation of Guaiac Solution and Guaiac Sheets

1. Guaiac, Hydroxypropyl Cellulose Solution (i.e.,
Guaiac Ink)

150 grams of powdered guaiac are dissolved i 660
ml. warm, stirred ethanol. To the resuliing solution
1330 mL of distilled water are added and the resulting
suspension allowed to cool to room temperature. After
two hours, the supernatant is decanted and the residual
suspension retained.

250 mL of a 10% (w/w) solution of hydroxypropyl
cellulose in ethanol 1s mixed with an additional 250 ml.
of ethanol, and the resulting solution 1s added to the
gualac slurry. The mixture is stirred until the guailac
residue has completely dissolved.

2. Guaiac Sheets

One mL of the above guaiac solution is pipetted onto
the polyethylene side of a 10 inch X 10 inch sheet of a
Mylar/polyethylene laminate (7 mils Mylar/3 mL poly-
ethylene). The guaiac solution is spread over the surface
of the sheets by means of a standard wound-wire testing
bar, and allowed to dry at room temperature.

T. Preparation of Sodium Perborate Suspension (1.€.,
Sodium Perborate Ink)

Twenty grams of finely ground solid sodium perbo-
rate is mixed with a sufficient volume of 10% (w/w)
solution of hydroxypropyl cellulose solution in anhy-

drous alcohol to produce one liter of suspension.
H. EXPERIMENTS

EXPERIMENT 1

This experiment involves the release of HRPO from
[SEPHAROSE-CASEIN-HRPO] and [SEPHAROSE-

KAPPA-CASEIN-HRPO] by aspartic protease re-
leased into Candida albicans culture.

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED SEPHAROSE) (HRPO ALDEHYDE
COUPLING METHOD)

1. Cyanogen bromide activated Sepharose 4B
(PREPARATION A) first derivatized with covalently

bound casein or Kappa-Casein (PREPARATION P)
and subsequently labeled with HRPO aldehyde (PREP-
ARATION D)

2. Aspartic Protease producing Candida albicans
(ATCC 28366) culture propagated and grown in liquid
culture as described in Journal of General Microbiology,
(1983) 129:431-438.

3. Guaiac layered sheets (PREPARATION S)

4. Buffers and solutions

a. 20 mM hydrogen peroxide
b. 500 mM MES buffer, pH 6.0

B. PROCEDURES

10 mg (wet weight) [Sepharose-Casein-HRPO] con-
jugate (or the Kappa-Casein equivalent) were sus-
pended in 300 microliters of either Candida albicans
culture containing active secreted aspartic protease, or
300 microliters of the same Candida albicans culture
which had been boiled for 20 minutes to inactivate the
aspartic protease. The mixture was rotated for 15 min-
utes at room temperature, and the suspension centri-
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fuged to sediment the solid conjugate and Candida
albicans cells.

Eighty microliters of the clear supernatant were
mixed with 10 microliters of hydrogen peroxide solu-
tion and 10 microliters of MES buffer. Twenty microli-
ters of each solution were added to the surface of a
guaiac layered sheet, and the sheet examined for forma-
tion of a blue color.

COLOR
SCORE: INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
. 0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
1.5 BLUE COLOR BETWEEN 1.0 AND 2.0 IN
INTENSITY
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

A dark blue color formed on the guaiac layered sheet
in the area to which Candida albicans treated Se-
pharose-protein-HRPO supernatant was added. No
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color was seen in the area to which boiled culture

treated Sepharose-protein-HRPO supernatant was

added.
ENZYME SOURCE COLOR SCORE
Candida albicans culture 1.5
Boiled culture 0

D. Interpretation

Active aspartic protease secreted into the growth
medium by Candida albicans cells hydrolyzed Se-
pharose bound Casein or Kappa-Casein, releasing solu-
ble, active HRPO. Centrifugation sedimented Se-
pharose bound HRPO, leaving only aspartic protease-
solubilized HRPO in solution. The soluble HRPO cata-
lyzed the oxidation of guaiac by hydrogen peroxide,
producing a blue color. Hence, blue color formation on
the guaiac layered sheets provides a convenient method
for detecting aspartic protease. Boiling the culture inac-
tivated aspartic protease secreted into the growth me-
dium by Candida albicans cells. Hence, Sepharose

bound casein or Kappa-Casein was not hydrolyzed, and

soluble, active HRPO was not released from the sup-
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port. Centrifugation sedimented Sepharose bound

HRPO, leaving no aspartic protease-solubilized HRPO
in solution. The oxidation of guaiac by hydrogen perox-

35

ide was not catalyzed, and a barely detectable blue

color formed. Release of HRPO from the support was
not simply the result of non specific release of HRPO by
salts or other components present in the growth me-
dium. |

EXPERIMENT II

This experiment involves the release of HRPO from
[EUPERGIT® C ACRYLIC BEADS-CASEIN-
'HRPO] conjugates and [EUPERGIT ® C ACRYLIC
BEADS-KAPPA-CASEIN-HRPO] conjugates by as-
partic protease released into Candida albicans culture:

65

44

A. MATERIALS: (EUPERGIT ® C ACTIVATED
ACRYLIC BEADS) (HRPO ALDEHYDE
COUPLING METHOD)

1. Ox1rane acrylic beads (Eupergit ® C) were treated
with Casein or Kappa-Casein (PREPARATION M)
and subsequently labeled with HRPO aldehyde (PREP-

ARATION D)
2. Aspartic Protease producing Candida albicans

(ATCC 28366) culture propagated and grown in liquid

culture as described in Journal of General Microbiology,
(1983) 129: 431-438.

3. Guaiac layered sheets (PREPARATION S)

4. Bufters and solutions

a. 20 mM hydrogen peroxide

b. 500 mM MES buffer, pH 6.0

B. PROCEDURES

10 mg (wet weight) [Eupergit ® C-Casein-HRPO]
conjugate (or the Kappa-Casein equivalent) were sus-
pended in 300 microliters of either Candida albicans
culture containing secreted active aspartic protease, or
300 microliters of the same Candida albicans culture
which had been boiled for 20 minutes to inactivate the
aspartic protease. The mixture was rotated for 15 min-
utes at room temperature, and the suspension centri-
fuged to sediment the solid conjugate and Candida
albicans cells.

Eighty microliters of the clear supernatant were
mixed with 10 microliters of hydrogen peroxide solu-
tion and 10 microliters of MES buffer. Twenty microli-
ters of each solution were added to surface of a gnaiac
layered sheet, and the sheet examined for formation of a
blue color. -

COLOR
SCORE INTERPRETATION ‘
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
1.5 BLUE COLOR BETWEEN 1.0 AND 2.0 IN
INTENSITY
2.0 DARKEST BIL.UE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

A dark blue color formed on the guaiac layered sheet
in the area to which Candida albicans treated [Euper-
git ® C-Protein-HRPO] supernatant was added. No
color was seen in the area to which boiled culture
treated [Eupergit ® C-Protein-HRPO] supernatant was
added.

ENZYME SOURCE COLOR SCORE
Candida albicans culture 1.5
Boiled culture 0

D. Interpretation

Active aspartic protease secreted into the growth
medium by Candida albicans cells hydrolyzed Euper-
git ® C bound Casein or Kappa-Casein, releasing solu-
ble, active HRPO. Centrifugation sedimented Euper-
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git ® C bound HRPO, leaving only aspartic protease-
solubilized HRPO in solution. The soluble HRPO cata-
lyzed the oxidation of guaiac by hydrogen peroxide,
producing a blue color. Hence, blue color formation on
the guaiac layered sheets provides a convenient method
for detecting aspartic protease.

Boiling the culture inactivated aspartic protease se-
creted mto the growth medium by Candida albicans
cells. Hence, Eupergit ® C bound casein or Kappa-
Casein was not hydrolyzed, and soluble, active HRPO
was not released from the support. Centrifugation sedi-
mented Eupergit ® C bound HRPO, leaving no aspar-
tic protease-solubi]jzed HRPO in solution. The oxida-
tion of guaiac by hydrogen peroxide was not catalyzed,
and a barely detectable blue color formed. Release of
HRPO from the support was not simply the result of
non specific release of HRPO by salts or other compo-
nents present in the growth medium.

EXPERIMENT III

This experiment involves the release of HRPO from

[SEPHAROSE-Hemoglobin-HRPO] or [SE-
PHAROSE-Myoglobin-HRPO] by pepsin and aspartic
protease from Aspergillus saitoi.

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED SEPHAROSE) (HRPO ALDEHYDE
COUPLING METHOD)

1. Cyanogen bromide activated Sepharose 4B
(PREPARATION A) first derivatized with covalently
bound hemoglobin or myoglobin (PREPARATION
E), and subsequently labeled with HRPO aldehyde
(PREPARATIONS D and F). The conjugate was
treated overnight with 100 mM sodium cyanoborohy-
dride at room temperature and washed with 0.5M NaCl
before use.

2. Test Solutions: a. Commercially available Aspartic
Protease (Type XIII) from Aspergillus saitoi (30
mg/ml.0.6 units/mg); b. pepsin (1 mg/mL, 2900
units/mg); and c. Bovine Serum Albumin (BSA) (2
mg/mlL in water) (all purchased from Sigma Chemical

Co.)
-~ 3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides (from SrmthKlme
- Diagnostics)

4. Buffers and solutions
a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate buffer, pH 7.0

b. 100 mM acetate buffer, pH 4.0

B. Procedures

40 mg (wet weight) [Sepharose-Hemoglobin-HRPO]
(or the myoglobin equivalent) conjugate were sus-
pended 1in 75 microliters acetate buffer, pH 4.0 and 25
microliters of test solution were added. The suspension
was Incubated at room temperature for 15 minutes and
centrifuged to remove the solid phase conjugate. Five
microliters of the supernatant were added to a guaiac
slide, followed by five microliters of hydrogen peroxide
solution.

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/ = POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECT ABLE
| VISUALLY
0.5 DISTINCT BLUE COLOR
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-continued
COLOR
SCORE INTERPRETATION
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM *
C. Results

A dark blue color formed on the guaiac impregnated
sheet in the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus saitoi or pepsin
were added. Only a very faint color was seen in the area
to which supernatant aliquots containing only BSA
alone (2 mg/mL) or buffer were added. |

COLOR SCORE

ENZYME SOURCE
Aspartic Protease 2.0
Pepsin 2.0
BSA 4/ —
Buffer 4/—

D. Interpretation

Active Aspergillus saitoi aspartic protease and pepsin,
an aspartic protease from porcine stomach, hydrolyzed
Sepharose bound hemoglobin or myoglobin, releasing
soluble, active HRPQO. Centrifugation sedimented Se-
pharose bound HRPO, leaving only enzyme solubilized
HRPO 1n solution. The soluble HRPO catalyzed the
oxidation of guaiac by hydrogen peroxide, producing a
blue color. Hence, blue color formation on the guaiac
layered sheets provides a convenient method for detect-
Ing active Aspergillus aspartic protease or porcine pep-
in. -
Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sepharose bound hemoglobin or myoglobin
were not hydrolyzed, and soluble, active HRPO was
not released from the support. Centrifugation sedi-
mented Sepharose bound HRPO, leaving no aspartic
protease-solubilized HRPO in solution. The oxidation
of guaiac by hydrogen peroxide was not catalyzed, and
a barely detectable blue color formed.

EXPERIMENT IV

This experiment involves the release of HRPO from
[SEPHAROSE-CASEIN-HRPO] or [SEPHAROSE-
KAPPA-CASEIN-HRPO] by pepsin and aspartic pro-
tease from Aspergillus saitoi.

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED SEPHAROSE) (HRPO
HYDRAZIDE COUPLING METHOD)

l. Cyanogen bromide activated Sepharose 4B
(PREPARATION A) allowed to react with Kappa-
Casein-HRPO or Casein-HRPO (hydrazide method)
(PREPARATIONS B and C)

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mL,0.6
units/mg); b. pepsin (1 mg/mL,2900 units/mg); and c.
Bovine Serum Albumin (BSA)(2 mg/mL in water) (all
purchased from Sigma Chemical Co.)

3. Gualac impregnated paper in the form of commer-
cially available Hemoccult ®) slides

4. Buffers and solutions

7
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a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-
phate buffer, pH 7.0
b. 100 mM acetate buffer, pH 4.0

B. Procedures 5

40 mg (wet weight) [Sepharose-Casein-HRPQO] (or
the Kappa-Casein equivalent) conjugate were sus-
pended in 75 microliters acetate buffer, pH 4.0 and 25
microliters of test solution were added. The suspension

was incubated at room temperature for 15 minutes and 10
centrifuged to remove the solid phase conjugate. Five
microliters of the supernatant were added to a guaiac
slide, followed by five microliters of hydrogen peroxide
solution. (s
COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR 20
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BL.UE COLOR
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST =~ .
SYSTEM
C. Results

A dark blue color formed on the guaiac impregnated 30
sheet in the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus saitoi or pepsin
were added. Only the faintest color detectable was seen

in the area to which supernatant aliquots containing

only BSA (2.0 mg/mL) or buffer were added. 35

COLOR SCORE

2.0
2.0
+/—
+/—

ENZYME SOURCE

Aspartic Protease
Pepsin |
BSA
Buffer

D. Interpretation 45

Active Aspergillus saitoi aspartic protease and porcine
pepsin hydrolyzed Sepharose bound Casein or Kappa-
Casein, releasing soluble, active HRPO. Centrifugation
sedimented Sepharose bound HRPO, leaving only en-
zyme solubilized HRPO in solution. The soluble HRPO
catalyzed the oxidation of guaiac by hydrogen perox-
ide, producing a blue color. Hence, blue color forma-
tion on the guaiac layered sheets provides a convenient
method for detecting aspartic protease or pepsin.

Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sepharose bound casein or Kappa-Casein
were not hydrolyzed, and soluble, active HRPO was
not released from the support. Centrifugation sedi-
mented Sepharose bound HRPO, leaving no aspartic
protease-solubilized HRPO in solution. The oxidation
of guaiac by hydrogen peroxide was not catalyzed, and
a barely detectable blue color formed.

EXPERIMENT V

This experiment involves the release of HRPO from
[CHITIN-KAPPA-CASEIN-HRPO] by pepsin and
aspartic protease from Aspergillus saitoi.
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A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED CHITIN) (HRPO HYDRAZIDE
COUPLING METHOD)

1. Cyanogen bromide activated chitin (PREPARA.-
TION A) were allowed to react with Kappa-Casein-

HRPO (hydrazide method) (PREPARATION B and
C)

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mL,0.6
units/mg); b. pepsin (1 mg/ml.,2900 units/mg); and c.
Bovine Serum Albumin (BSA)(2 mg/mL in water) (all
purchased from Sigma Chemical Co.)

3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides (from SmithKline
Diagnostics)

4. Buffers and solutions

a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate buffer, pH 7.0
b. 100 mM acetate buffer, pH 4.0

B. PROCEDURES

40 mg (wet weight) [Chitin-Kappa-Casein-HRPO]
conjugate were suspended in 75 microliters acetate
buffer, pH 4.0 and 25 microliters of test solution were
added. The suspension was incubated at room tempera-
ture for 15 minutes and centrifuged to remove the solid
phase conjugate. Five ul of the supernatant were added
to a gualac slide, followed by five microliters of hydro-
gen peroxide solution.

COLOR |
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR |
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. RESULTS

A dark blue color formed on the guaiac impregnated
sheet 1n the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus satoi or pepsin
were added. Only a barely detectable blue color was

seen 1 the area to which supernatant aliquots after BSA
(2.0 mg/mL) or buffer were added.

ENZYME SOURCE COLOR SCORE
Aspartic Protease 2.0
Pepsin 2.0
BSA Ry
Buffer +/—

D. Interpretation

Active Aspergillus saitoi aspartic protease and porcine
pepsin hydrolyzed Sigmacell ®) 20 bound hemoglobin
or myoglobin, releasing soluble, active HRPO. Centrif-
ugation sedimented Sigmacell ® 20 bound HRPO,
leaving only enzyme solubilized HRPO in solution. The
soluble HRPO catalyzed the oxidation of guaiac by
hydrogen peroxide, producing a blue color. Hence, blue
color formation on the guaiac layered sheets provides a
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convenient method for detecting aspartic protease or
pepsin.

Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sigmacell ®) 20 bound hemoglobin or myo-
globin were not hydrolyzed, and soluble, active HRPO
was not released from the support. Centrifugation sedi-
mented Sigmacell ®) 20 bound HRPO, leaving no as-
partic protease-solubilized HRPO in solution. The oxi-
dation of guaiac by hydrogen peroxide was not cata-
lyzed, and a barely detectable blue color formed.

EXPERIMENT VI

This experiment involves the release of HRPO from
[Sigmacell ® 20-Hemoglobin-HRPO] or [Sigmacell ®
20-Myoglobin-HRPO] by pepsin and aspartic protease
from Aspergillus saitoi.

A. MATERIALS: (CYANOGEN BROMIDE

ACTIVATED Sigmacell ®) 20) (HRPO ALDEHYDE
COUPLING METHOD) |

1. Cyanogen bromide activated Sigmacell ® 20
(PREPARATION A) first derivatized with covalently
bound hemoglobin or myoglobin (PREPARATION
E), and subsequently labeled with HRPO aldehyde
(PREPARATIONS D-F). The conjugate was treated
overnight with 100 mM sodium cyanoborohydride at
room temperature and washed with 0.5M NaCl before
use.

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mL,0.6
units/mg); b. pepsin (1 mg/ml.,2900 units/mg); and c.
Bovine Serum Albumin (BSA)(2 mg/ml. in water) (all
purchased from Sigma Chemical Co.)

3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides

4. Buffers and solutions

a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate buffer, pH 7.0 |

b. 100 mM acetate buffer, pH 4.0

B. PROCEDURES

40 mg (wet weight) [Sigmacell ®) 20-Hemoglobin-
HRPO] (or the myoglobin equivalent) conjugate were
suspended in 75 microliters acetate buffer, pH 4.0 and
25 microliters of test solution were added. The suspen-
sion was incubated at room temperature for 15 minutes
and centrifuged to remove the solid phase conjugate.
Five microliters of the supernatant were added to a
guailac slide, followed by five microliters of hydrogen
peroxide solution.

COLOR
SCORE INTERPRETATION

0 NO VISIBLE BLUE COLOR FORMATION

+/— POSSIBLE FAINT BLUE COLOR
0.23 FAINTEST BLUE COLOR DETECTABLE
VISUALLY

0.5 DISTINCT BLUE COLOR

1.0 DARK BLUE COLOR

2.0 DARKEST BLUE COLOR POSSIBLE IN TEST

SYSTEM
C. RESULTS

A dark blue color formed on the guaiac impregnated 65

sheet 1n the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus saitoi or pepsin
were added. Only a very faint color was seen in the area
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to which supernatant aliqubts after BSA (2.0 mg/mL)
or buffer were added.

ENZYME SOURCE

COLOR SCORE
Aspartic Protease 2.0
Pepsin 2.0
BSA Ky
Buffer iy

D. Interpretation

Active Aspergillus saitol aspartic protease and porcine
pepsin hydrolyzed Sigmacell ®) 20 bound hemoglobin
or myoglobin, releasing soluble, active HRPO. Centrif-
ugation sedimented Sigmacell ® 20 bound HRPO,
leaving only enzyme solubilized HRPO in solution. The
soluble HRPO catalyzed the oxidation of guaiac by
hydrogen peroxide, producing a blue color. Hence, blue
color formation on the guaiac layered sheets provides a
convenient method for detecting aspartic protease or
pepsin.

Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sigmacell ®) 20 bound hemoglobin or myo-

 globin were not hydrolyzed, and soluble, active HRPO
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was not released from the support. Centrifugation sedi-
mented Sigmacell ® 20 bound HRPO, leaving no as-
partic protease-solubilized HRPO in solution. The oxi-
dation of guaiac by hydrogen peroxide was not cata-
lyzed, and a barely detectable blue color formed.

EXPERIMENT VII

This experiment is an example of the release of
HRPO from [Sigmacell® 20-KAPPA-CASEIN-
HRPO] by pepsin and aspartic protease from Aspergillus
saitol. |

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED Sigmacell ® 20) (HRPO
HYDRAZIDE COUPLING METHOD)

1. Cyanogen bromide activated Sigmacell® 20
(PREPARATION A) allowed to react with Kappa-
Casein-HR PO (hydrazide method) (PREPARATIONS
B and C)

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mlL,0.6
units/mg); b. pepsin (I mg/ml.,2900 units/mg); and c.
Bovine Serum Albumin (BSA)(2 mg/ml. in water) (all
purchased from Sigma Chemical Co.)

3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides

4. Buffers and solutions

a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate buffer, pH 7.0
b. 100 mM acetate buffer, pH 4.0

B. PROCEDURES

40 mg (wet weight) [Sigmacell ® 20-Kappa-Casein-
HRPQO] conjugate were suspended in 75 microliters
acetate buffer, pH 4.0 and 25 microliters of test solution
were added. The suspension was incubated at room
temperature for 15 minutes and centrifuged to remove
the solid phase conjugate. Five microliters of the super-
natant were added to a guaiac slide, followed by five
microliters of hydrogen peroxide solution.
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COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION s
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
- VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM | 10
C. RESULTS

A dark blue color formed on the guaiac impregnated
sheet in the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus saitoi or pepsin
were added. Only a very hint color was seen in the area
to which supernatant aliquots after BSA (2.0 mg/mL)
or buffer were added.

15

20
ENZYME SOURCE COLOR SCORE
Aspartic Protease 2.0
Pepsin 2.0
BSA +/~— 25
Buffer 4/

D. Interpretation

Active Aspergillus saitoi aspartic protease and porcine 30
pepsin hydrolyzed Sigmacell® 20 bound Kappa-
Caseln, releasing soluble, active HRPO. Centrifugation
sedimented Sigmacell ®) 20 bound HRPO, leaving only
enzyme solubilized HRPO in solution. The soluble
HRPO catalyzed the oxidation of guaiac by hydrogen
peroxide, producing a blue color. Hence, blue color
formation on the guaiac layered sheets provides a con-
venient method for detecting aspartic protease or pep-
sin.

Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sigmacell ®) 20 bound Kappa-Casein were
not hydrolyzed, and soluble, active HRPO was not
released from the support. Centrifugation sedimented
Sigmacell ® 20 bound HRPO, leaving no aspartic pro-
tease-solubilized HRPO in solution. The oxidation of 45
guatac by hydrogen peroxide was not catalyzed, and a
barely detectable blue color formed.

EXPERIMENT VIII

This example is an example of the release of HRPO 50
from [Sigmacell ®) 20-KAPPA-CASEIN-HRPO] (HY-
DRAZIDE METHOD) or [Sigmacell® 20-Myo-
globin/Hemoglobin-HR PO} (ALDEHYDE
METHOD) by aspartic protease from Aspergillus saitoi
or Pepsin.

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED Sigmacell ® 20)

1. Cyanogen bromide activated Sigmacell ® 20
(PREPARATION A) were derivatized with Kappa-
Casein and HRPO (hydrazide method) (PREPARA-
TION B). Alternatively, cyanogen bromide activated
Sigmacell ®) 20 were derivatized with hemoglobin or
myoglobin (PREPARATION E) and then coupled to
HRPO aldehyde (PREPARATION D)

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mL,0.6
units/mg); b. pepsin (1 mg/mL,2900 units/mg); and c.
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Bovine Serum Albumin (BSA)(2 mg/mL in water) (all
purchased from Sigma Chemical Co.)

3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides

4. Buffers and solutions

a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate bufier, pH 7.0
b. 100 mM acetate buffer, pH 4.0

B. PROCEDURES

40 mg (wet weight) [Sigmacell ®) 20-Kappa-Casein-
HRPO] conjugate were suspended in 75 microliters
acetate buffer, pH 4.0 and 25 microliters of test solution
were added. The suspension was incubated at room
temperature for 15 minutes and centrifuged to remove
the solid phase conjugate. Five microliters of the super-
natant were added to a guaiac slide, followed by five
microliters of hydrogen peroxide solution.

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
e [ POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COL.OR
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

A dark blue color formed on the guaiac impregnated
sheet in the area to which supernatant samples contain-
Ing aspartic protease from Aspergillus saitoi or pepsin
were added. Only a very hint color was seen in the area
to which supernatant aliquots containing BSA (2.0
mg/mL) or buffer were added.

ENZYME SOURCE COLOR SCORE
Aspartic Protease 2.0
Pepsin 2.0
BSA +/—
Buffer +/ -

D. Interpretation

Active Aspergillus saitoi aspartic protease and porcine

pepsin hydrolyzed Sigmacell® 20 bound Kappa-
Casein, releasing soluble, active HRPO. Centrifugation
sedimented Sigmacell ®) 20 bound HRPO, leaving only
enzyme solubilized HRPO in solution. The soluble
HRPO catalyzed the oxidation of guaiac by hydrogen
peroxide, producing a blue color. Hence, blue color
formation on the guaiac layered sheets provides a con-
venient method for detecting aspartic protease or pep-
Sin.
Neither BSA nor buffer have aspartic protease activ-
ity. Hence, Sigmacell ® 20 bound Kappa-Casein were
not hydrolyzed, and soluble, active HRPO was not
released from the support. Centrifugation sedimented
Sigmacell ®) 20 bound HRPO, leaving no aspartic pro-
tease-solubilized HRPO in solution. The oxidation of
guaiac by hydrogen peroxide was not catalyzed, and a
barely detectable blue color formed.
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EXPERIMENT IX

This experiment is an example of the release of
HRPO from [Sigmacell ® 20-Hemoglobin-HRPQO] or
[Sigmacell ®) 20-Myoglobin-HRPO] by aspartic prote-
ase released into Candida albicans culture.

A. MATERIALS: (ALDEHYDE ACTIVATED

Sigmacell ® 20) (HRPO ALDEHYDE COUPLING
METHOD)

1. Aldehyde activated Sigmacell ® 20 (PREPARA-
TION G) was first derivatized with covalently bound
hemoglobin or myoglobin (PREPARATION H) and
subsequently labeled with HRPO aldehyde (PREPA-
RATIONS D and F)

2. Aspartic Protease producing Candida albicans
(ATCC 28366) culture propagated and grown in liquid

S

54

D. Interpretation

Aspartic protease secreted into the growth medium
by Candida albicans cells hydrolyzed Sigmacell ® 20
bound protein, releasing soluble, active HRPO. Centrif-
ugation sedimented Sepharose bound HRPO, leaving
only aspartic protease-solubilized HRPO in solution.

~ The soluble HRPO catalyzed the oxidation of guaiac by

10

135

culture as described in Journal of General Microbiology,

(1983) 129: 431-438.
3. Guaiac layered sheets (PREPARATION S)
4. Buffers and solutions

a. 20 mM hydrogen peroxide
b. 500 mM MES buffer, pH 6.0

B. PROCEDURES

10 mg (wet weight) [Sigmacell ®) 20-Protein-HRPO]
conjugate were suspended in 300 microliters of either
Candida albicans culture containing secreted aspartic
protease, or 300 microliters of the same Candida albi-
cans culture which had been boiled for 20 minutes to
inactivate the aspartic protease. The mixture was ro-
tated for 15 minutes at room temperature, and the sus-
pension centrifuged to sediment the solid conjugate and
Candida albicans cells.
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Eighty microliters of the clear supernatant were

mixed with 10 microliters of hydrogen peroxide solu-
tion and 10 microliters of MES buffer. Twenty microli-
ters of each solution were added to surface of a guaiac
layered sheet, and the sheet examined for formation of a
blue color.

COILOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
1.5 BLLUE COLOR BETWEEN 1.0 AND 2.0 IN
INTENSITY
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM .
C. Results

A dark blue color formed on the guaiac layered sheet
in the area to which Candida albicans treated Se-
pharose-protein-HRPO was added. No color was seen
in the area to which boiled-culture treated Sepharose-
protein-HRPO was added.

ENZYME SOURCE COLOR SCORE
Candida Albicans culture 1.5
Boiled culture 0
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hydrogen peroxide, producing a blue color. Hence, blue
color formation on the guaiac layered sheets provides a
convenient method for detecting aspartic protease.
Boiling the culture inactivated aspartic protease se-
creted 1nto the growth medium by Candida albicans
cells. Hence, Sigmacell ® 20 bound protein was not
hydrolyzed, and soluble, active HRPQO was not released
from the support. Centrifugation sedimented Sig-
macell ® bound HRPO, leaving no aspartic protease-
solubilized HRPO in solution. The oxidation of guaiac
by hydrogen peroxide was not catalyzed, and a barely
detectable blue color formed. Release of HRPO from
the support was not simply the result of non-specific

release of HRPO by salts or other components present
in the growth medium.

EXPERIMENT X

This example is an example of the release of HRPO
from [POLYMERIC DIALDEHYDE-KAPPA-

CASEIN-HRPO] by pepsin and aspartic protease from
Aspergillus saitoi.

A. MATERIALS: (POLYMERIC DIALDEHYDE)
(HRPO HYDRAZIDE COUPLING METHOD)

1. Commercial polymeric dialdehyde from Sigma
Chemical Co. allowed to react with Kappa-Casein-
HRPO (hydrazide method) (PREPARATIONS B and
L)

2. Test Solutions: a. Commercially available Aspartic
Protease from Aspergillus saitoi (30 mg/mL, 0.6
units/mg); b. pepsin (1 mg/mL, 2900 units/mg); and c.
Bovine Serum Albumin (BSA)(2 mg/mL in water) (all
purchased from Sigma Chemical Co.)

3. Guaiac impregnated paper in the form of commer-
cially available Hemoccult ®) slides

4. Buffers and solutions

a. 0.02% (v/v) hydrogen peroxide in 200 mM phos-

phate buffer, pH 7.0
b. 100 mM acetate buffer, pH 4.0

B. Procedures

40 mg (wet weight) [POLYMERIC DIALDE-
HYDE-KAPPA-CASEIN-HRPO] conjugate were
suspended 1n 75 microliters acetate buffer, pH 4.0 and
25 microliters of test solution were added. The suspen-
sion was incubated at room temperature for 15 minutes
and centrifuged to remove the solid phase conjugate.
Five microliters of the supernatant were added to a

guaiac slide, followed by five microliters of hydrogen
peroxide solution.

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
1.5 BLUE COLOR BETWEEN 1.0 AND 2.0 IN
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-continued

'mw“-m_
COLOR
SCORE INTERPRETATION
INTENSITY
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

A dark blue color formed on the guaiac impregnated
sheet in the area to which supernatant samples contain-
ing Aspartic Protease from Aspergillus saitoi or pepsin
were added. Only a very faint color was seen in the area
to which supernatant aliquots after BSA (2.0 mg/mL)
or buffer were added.

ENZYME SOURCE COLOR SCORE
Aspartic Protease 2.0
Pepsin 2.0
BSA +/—
Buffer +/—

D. Interpretation

Active Aspergilius saitoi aspartic protease and porcine
pepsin hydrolyzed polymeric dialdehyde bound Kappa-
Caseln, releasing soluble, active HRPO. Centrifugation
sedimented polymeric dialdehyde bound HRPO, leav-
ing only enzyme solubilized HRPO in solution. The
soluble HRPO catalyzed the oxidation of guaiac by
hydrogen peroxide, producing a blue color. Hence, blue
color formation on the guaiac layered sheets provides a
convenient method for detecting aspartic protease or
pepsin.

Neither BSA nor buffer have aspartic protease activ-
ity. Hence, polymeric dialdehyde bound Kappa-Casein
were not hydrolyzed, and soluble, active HRPO was
not released from the support. Centrifugation sedi-
mented polymeric dialdehyde bound HRPO, leaving no
aspartic protease-solubilized HRPO in solution. The
oxidation of guaiac by hydrogen peroxide was not cata-
lyzed, and a barely detectable blue color formed.

EXPERIMENT X1

This experiment involves the release of HRPO from
[POLYMERIC DIALDEHYDE-Myoglobin-HRPO]
by aspartic protease from Candida albicans.

A. MATERIALS: (POLYMERIC
DIALDEHYDE)HRPO ALDEHYDE COUPLING
METHOD)

1. Commercial polymeric dialdehyde from Sigma
Chemical Co. allowed to react with myoglobin (PREP-
ARATION ND and subsequently with HRPO alde-
hyde (PREPARATION N).

2. Aspartic Protease producing Carndida albicans
(ATCC 28366) culture propagated and grown in liquid
culture as described in Journal of General Microbiology,
(1983) 129:431-438.

3. Guaiac layered sheets (PREPARATION S)

4. Buffers and solutions

1. 20 mM hydrogen peroxide

2. 500 mM MES buffer, pH 6.0

B. PROCEDURES

10 mg (wet weight) [Polymeric Dialdehyde-Myo-
globin-HRPO] conjugate were suspended in 300 micro-

56

liters of either Candida albicans culture containing se-
creted aspartic protease, or 300 microliters of the same

Candida albicans culture which had been boiled for 20

minutes to inactivate the aspartic protease. The mixture
was rotated for 20 minutes at room temperature, and the
suspension centrifuged to sediment the solid conjugate
and Candida albicans cells.

Eighty microliters of the clear supernatant were

o mixed with 10 microliters of hydrogen peroxide solu-

20

25

30

35

45

50

39

65

tion and 10 microliters of MES buffer. Twenty microli-
ters of each solution were added to surface of a guaiac |
layered sheet, and the sheet examined for formation of a
blue color. |

m

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR
FORMATION
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR:
1.0 DARK BLUE COLOR
1.5 BLUE COLOR BETWEEN 1.0 AND 2.01IN
INTENSITY
20 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

A dark blue color formed on the guaiac layered sheet
in the area to which Candida albicans treated polymeric
dialdehyde-myoglobin-HRPO was added. No color
was seen in the area to which boiled culture treated
dialdehyde-myoglobin-HRPO was added.

ENZYME SOURCE COLOR SCORE
Candida albicans culture 1.5
Boiled culture 0

D. Interpretation

Active aspartic protease secreted into the growth
medium by Candida albicans cells hydrolyzed poly-
meric dialdehyde-myoglobin, releasing soluble, active
HRPO. Centrifugation sedimented polymeric dialde-
hyde bound HRPO, leaving only aspartic protease-
solubilized HRPO in solution. The soluble HRPO cata-
lyzed the oxidation of guaiac by hydrogen peroxide,
producing a blue color. Hence, blue color formation on
the guaiac layered sheets provides a convenient method
for detecting aspartic protease.

Boiling the culture inactivated aspartic protease se-
creted into the growth medium by Candida albicans
cells. Hence, polymeric dialdehyde bound myoglobin
was not hydrolyzed, and soluble, active HRPO was not
released from the support. Centrifugation sedimented
polymeric dialdehyde bound HRPO, leaving no aspar-
tic protease-solubilized HRPO in solution. The oxida-
tion of guaiac by hydrogen peroxide was not catalyzed,
and a barely detectable blue color formed. Release of
HRPO from the support was not simply the result of
non specific release of HRPO by salts or other compo-
nents present in the growth medium.
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EXPERIMENT XII

This experiment involves the release of HRPO from
[SEPHAROSE 6 MB-KAPPA-CASEIN-HRPO] by
vaginal fluid specimens:

1. Normal vaginal flmid

2. Normal vaginal fluid to which Candida albicans

culture had been added
3. Vaginal fluid from women with clinically diag-
nosed vulvovaginal candidiasis

A. MATERIALS: (COMMERCIAL CYANOGEN
BROMIDE ACTIVATED SEPHAROSE 6 MB)
(HRPO HYDRAZIDE COUPLING METHOD)

1. Sepharose 6 MB-Kappa-Casein-HRPO conjugate
(PREPARATION C)

2. Vaginal fluid samples obtained on standard Dacron
swabs. The specimens were frozen until mmedlately
prior to use. The specimens were thawed, and centn-

fuged in specially adapted tubes to permit extraction of

undiluted vaginal fluid from the swab. The entire speci-
men from each swab was tested. Where necessary, dis-
tilled water was added to the specimen to produce a
final volume of 75 microliters. Where indicated, 25
microliters of a Candida albicans culture (See, e.g., Ex-
periment I) were added to vaginal fluid specimens ob-
tained from women without clinical vulvovaginal can-
didiasts.

3. Guaiac impregnated filter paper (commercial
Hemoccult [R) test slides)

4. Buffers and solutions

a. 6 mM hydrogen peroxide

b. 250 mM glycylglycine buffer, pH 3.0

B. Procedures

30 mg (wet weight) [Sepharose-Kappa-Casein-
HRPOJ conjugate were suspended in 75 microliters of
treated or untreated vaginal fluid. The suspensions were
incubated at room temperature for 15 minutes, and the
suspension centrifuged to sediment the solid conjugate
and other debris.

Five microliters of the clear supernatants were added
to the guaiac-impregnated paper, followed by 5 microli-
ters of hydrogen peroxide solution, and the sheets were
examined for formation of a blue color.

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR |
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 | DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
| SYSTEM
C. Results

A dark blue color formed on the guaiac impregnated
paper in the area to which vaginal fluid supernatant
from women infected with vulvovaginal candidiasis
was added. No color was formed in the areas of the
gualac impregnated paper to which vaginal flmd super-
natant from control women was added. A strong blue
color also formed on the guaiac impregnated paper in
the area to which vaginal fluid supernatant from normal
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women which had been supplemented with medium
from a growing Candida albicans culture was added.

COLOR
SPECIMEN NO. DIAGNOSIS SCORE
7757 CANDIDIASIS 2.0
7701 CANDIDIASIS 2.0
7749 CANDIDIASIS 2.0
7760 CANDIDIASIS 2.0
7753 CANDIDIASIS 2.0
7795 CANDIDIASIS 2.0
7779 CANDIDIASIS 2.0
7799 CANDIDIASIS 2.0
7768 NORMAL 1.0
7770 NORMAL 0.0
7744 NORMAL 0.0
7745 NORMAL 0.0
7750 NORMAL 0.0
7761 NORMAL 0.0
0001 NORMAL 0.0
0001 NORMAL + Candida culture 2.0
7747 NORMAL + Candida culture 2.0
7748 NORMAL + Candida culture 1.0
7750 NORMAL + Candida culture 2.0
7756 NORMAL + Candida culture 2.0

D. Interpretation

Vaginal fluid from women with proven clinical vul-
vovaginal candidiasis contained aspartic protease which
hydrolyzed Sepharose 6 MB-bound Kappa-Casein, at
pH 3.0 in 15 minutes at room temperature, releasing
soluble, active HRPO. Centrifugation sedimented Se-
pharose 6 MB-bound HRPO, leaving only released,
solubilized HRPO in solution. The soluble HRPO cata-
lyzed oxidation of the commercial Hemoccult ®) slides,
producing a blue color. Hence, blue color formation on
the Hemoccult ®) slides provides a rapid and conve-
nient method for detecting Candida-derived aspartic
protease 1n vaginal fluid, and hence, vulvovaginal can-
didiasis.

Vaginal fluid from normal women without vulvovag-
inal candidiasis did not contain aspartic protease, and
failed to hydrolyze Sepharose 6 MB-bound Kappa-
casein, at pH 3.0 1n 15 minutes at room temperature, and
failed to release soluble, active HRPO. Centrifugation
sedimented Sepharose 6 MB-bound HRPO, leaving no
released, solubilized HRPO in solution. Lacking the
HRPO catalyst, no oxidation of the commercial
Hemoccult ®) slides occurred and no blue color was
produced. Hence, lack of a blue color formation on the
Hemoccult ®) slides provides a rapid and convenient
method for detecting normal women lacking Candida-
derived aspartic protease in vaginal fluid and, hence,
women who did not have vulvovaginal candidiasis.

Finally, when medium from a Candida albicans cul-
ture was added to vaginal fluid from normal women
without vulvovaginal candidiasis hydrolysis of Se-
pharose 6 MB-bound Kappa-Casein occurred at pH 3.0
in 15 minutes at room temperature, and soluble, active
HRPO was released. Centrifugation sedimented Se-
pharose 6 MB-bound HRPO, leaving released, solubi-
lized HRPO in solution. The soluble HRPO catalyzed
oxidation of commercial Hemoccult ®) slides by hydro-
gen peroxide and produced a blue color. Hence, blue
color formation on the Hemoccult ® slides demon-
strates that aspartic protease released into growth me-
dium by Candida albicans cells can readily be detected
rapidly and conveniently even when added to vaginal
fluid from normal women.
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EXPERIMENT XIII

'This experiment involves the release of HRPO from
[EUPERGIT® C-Myoglobin-HRPO] and [Sig-
macell ® 20-Myoglobin-HRPO] by vaginal fluid speci-
mens.

1. Normal vaginal fluid

2. Vaginal fluid from women with clinically diag-

nosed vulvovaginal candidiasis

A. MATERIALS: (CYANOGEN BROMIDE
ACTIVATED Sigmacell ®)
20-Myoglobin-HR PO—PREPARATIONS A and I)
and (EUPERGIT ®)
C-Myoglobin-HRPO—PREPARATION Q) (HRPO
ALDEHYDE COUPLING METHOD)

1. Finely ground oxirane acrylic beads coupled to
Myoglobin-HRPO Aldehyde (PREPARATION Q)

2. Sigmacell ® 20 (cyanogen bromide activated,
PREPARATION A) coupled to Myoglobin-HRPO
Aldehyde (PREPARATION I) |

3. Vaginal fluid samples obtained on standard Dacron
swabs. The specimens were frozen until immediately
prior to use. The specimens were thawed, and centri-
fuged in specially adapted tubes to permit extraction of
undiluted vaginal fluid from the swab. The entire speci-
men from each swab was tested.

4. Guaiac mmpregnated filter paper (commercial
Hemoccult ) test slides)

J. Buffers and solutions

a. 6 mM hydrogen peroxide

b. 250 mM glycylglycine buffer, pH 3.0

c. 1.0M acetate buffer, pH 4.0

B. Procedures

20 mg (wet weight) of Eupergit ®-bound myoglobin-
HRPO conjugate were suspended in the undiluted vagi-
nal fluid and 10 microliters of 1M acetate buffer. The
suspensions were incubated at room temperature for 10
minutes, and the suspension centrifuged to sediment the
solid conjugate and other debris.

Five microliters of the dear supernatant were added
to the guaiac-impregnated paper, followed by 5 microli-
ters of hydrogen peroxide solution, and the sheets were
examined for formation of a blue color.

20 mg (wet weight) of Sigmacell ® 20-bound myo-
globin-HRPO conjugate were suspended in undiluted
vaginal fluid and 10 microliters of 250 mM acetate
buffer. The suspensions were incubated at room temper-
- ature for 15 minutes, and the suspension centrifuged to
sediment the solid conjugate and other debris.

Five microliters of the clear supernatant were added
to the guaiac-impregnated paper, followed by 5 microli-
ters of hydrogen peroxide solution, and the sheets were
examined for formation of a blue color.

COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COILOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
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C. Results

A dark blue color formed on the guaiac impregnated
paper in the area to which vaginal fluid from women
infected with vulvovaginal candidiasis was added. No
color was formed in the areas of the guaiac impregnated
paper to which vaginal fluid from control was added.

SPECIMEN

NO. SCORE DIAGNOSIS SUBSTRATE COLOR
7823 CANDIDIASIS Sigmacell ® 2.0
7824 CANDIDIASIS Sigmacell ®) 2.0
7844 CANDIDIASIS  Sigmacell ® 2.0
7848 CANDIDIASIS Sigmacell ® 2.0
7820 CONTROL Sigmacell ® 0.0
7821 CONTROL Sigmacell ®) 0.0
7826 CONTROL Sigmacell ® 0.0
7831 CONTROL Sigmacell ® 0.0
7891 CANDIDIASIS EUPERGIT ® 2.0
7921 CANDIDIASIS EUPERGIT ® 2.0
7914 CONTROL EUPERGIT ®  +/—
7915 CONTROL EUPERGIT ® 0.0

D. Interpretation
Active aspartic protease secreted into the vaginal

fluid of women with clinical candidiasis by Candida
albicans cells hydrolyzed both Sigmacell ® 20-bound
protein and Eupergit ®-bound protein, releasing solu-
ble, active HRPO. Centrifugation sedimented polymer-
bound HRPO, leaving only aspartic protease-solubil-
ized HRPO in solution. The soluble HRPO catalyzed
the oxidation of guaiac by hydrogen peroxide, produc-
ing a blue color. Hence, blue color formation on the
guailac-impregnated paper provides a convenient and
effective method for detecting active aspartic protease
in vaginal fluid, and thereby, vulvovaginal candidiasis.

Active aspartic protease is not found in the vaginal
fluid of control women, i.e., those without clinical can-
didiasis. Hence, vaginal fluid specimens from control
women failed to hydrolyze polymer-bound protein, and
failed to release soluble, active HRPO from either sup-
port. Centrifugation sedimented polymer bound
HRPO, leaving no aspartic protease-solubilized HRPO
in solution. Lacking HRPO, the supernatant from con-
trol specimens failed to catalyze the oxidation of guaiac
by hydrogen peroxide, and failed to produce a blue
color. Hence, failure to form a blue color on the guaiac-
impregnated paper provides a convenient method for
identifying women who were not infected with vulvo-
vaginal Candida albicans.

EXPERIMENT XIV

This experiment involves the differential hydrolytic

activity of several microbial proteases on [Sigmacell ®)-
Myoglobin-HRPO)].

A. MATERIALS

1. [Sigmacell ®-Myoglobin-HRPO] (PREPARA-
TIONS E and F).

2. Aspartic protease producing Candida albicans
(ATCC 28366) culture.

3. Trichomonas vaginalis (ATCC 3001) culture.

4. Mobiluncus curtisii cell suspension (ATCC 35241)
in saline solution.

5. Buffers and solutions.

a. 0.02% hydrogen peroxide solution

b. Potassium phosphate buffer pH 7.5, 300 mM

c. Sodium acetate buffer pH 4.0, 100 mM.



5,416,003

61

6. Guaiac impregnated paper (commercial Hemoc-
cult ® slides).

B. PROCEDURE.

Twenty milligrams of substrate [Sigmacell ®-Myo-
globin-HRPO] were suspended in 75 microliters of the
appropriate buffer (see table below), followed by addi-
tion of 25 microliters of cell culture/suspension. The
reaction was incubated between 10-30 mins after which
the sample was centrifuged to remove solid phase con-
jugated substrate and cell debris. Five microliters of the
reaction supernatant were added to the guaiac slide and
developed with 5 microliters of hydrogen peroxide
solution. The reaction conditions and color develop-

ment are reported in the table that follows.
COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
+/— POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE
| VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
C. Results

No color formed when the reaction supernatant from
tubes mncubated with buffer at pH 4.0 or pH 7.5 for 30
minutes was added to guaiac slides and developed with
hydrogen peroxide. A similar result was seen (i.e., no
color formation) with boiled cultures from Candida
albicans (pH 4.0 and 7.5), Trichomonas vaginalis (pH 4.0
and 7.5) or Mobiluncus curtisii (pH 4.0 and 7.5). Candida
albicans culture produced a strong blue color after a 10
minute incubation at pH 4.0, but not at pH 7.5 even after
a munute incubation. Trichomonas vaginalis produced a

strong blue color after a 30 minute incubation at pH 7.5,

but only a barely detectable color after a 30 minute
incubation at pH 4.0. Mobiluncus Curtisii culture pro-
duced no blue color in 30 minutes at either pH 4.0 or
71.5. |

Enzyme Source pH of Time of Color

(Cell Cultures) Incubation incubation Score
Candida albicans 4,0 10 min 2.0
Candida albicans 7.5 30 min 0.0
Boiled Candida albicans 40 30 min 0.0
Boiled Candida albicans 7.5 30 min 0.0
Mobiluncus curtisii 4.0 30 min 0.0
Mobiluncus curtisii 7.5 30 min 0.0
Boiled Mobiluncus curtisii 4.0 30 min 0.0
Bolled Mobiluncus curtisii 7.5 30 min 0.0

Trichomonas vaginalis 4.0 30 min 0.25
Trichomonas vaginalis 7.5 30 min 2.0
Boiled I. vaginalis 4.0 30 min 0.0
Boiled T. vaginalis 1.5 30 min 0.0
Buffer 4.0 30 min 0.0
Buffer 7.5 30 min 0.0

D. Interpretation

HRPO is not released from the solid support by 300
mM phosphate buffer at pH 7.5 or by 100 mM acetate
buffer at pH 4.0 over a 30 minute incubation interval at

room temperature. Similarly, Boiled suspensions of

Candida albicans, Trichomonas vaginalis or Mobiluncus
curtisii do not release HRPO at pH 7.5 or 4.0 over a 30
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minute incubation at room temperature. A Candida
albicans culture, however releases HRPO from the solid
support at pH 4.0 in 10 minutes, but fails to release
HRPO at pH 7.5, even over a 30 minute incubation
period. This is consistent with the established pH profile
of the Candida albicans aspartic protease, which is ac-
tive at low pH, but poorly active or inactive at high pH.
Conversely, a T. vaginalis culture readily releases
HRPO from the solid support at pH 7.4 over a 30 min-
ute incubation interval, but releases barely detectable
quantities of HRPO at pH 4.0. This behavior is also
consistent with the known pH profile of the T. vaginalis
thiol proteases (i.e., active at high pH, but much less
active or 1nactive at low pH). Finally, Mobiluncus cur-
tsii, which 1s not known to excrete proteases, fails to
release HRPO at either pH 4.0 or pH 7.5 even over a 30
minute incubation interval.

Hence, by performing the tests under different pH
conditions, it is possible to differentiate between the
three microbes: only Candida albicans will cause color
formation in 10 minutes at room temperature at pH 4.0:
only Trichomonas vaginalis will cause color formation at
pH 7.5 in 30 minutes, and; Mobiluncus curtisii will not

cause color formation in 30 minutes at either pH 7.5 or
4.0.

EXPERIMENT XV

‘This experiment involves the activity of various pro-
teases and their wnhibitors on the substrate [Eupergit ®)
C-Myoglobin-HRPO].

A. MATERIALS

1. Pulverized [Eupergit® C-Myoglobin-HRPO]
(PREPARATION Q).

2. Commercially available aspartic protease from
Sigma Chemical Co. (Type XIII, from Aspergillus saitoi,
0.6 units/mg activity) 40 mg/ml.

3. Trypsin (serine protease) from bovine pancreas
(2900 units/mg activity), obtained from U.S. Biochemi-
cals, 2 mg/ml. _

4. Papain (thiol protease) from papaya latex (12
units/mg activity) from Sigma Chemical Co., 2 mg/ml.

J. Aspartic protease producing Candida albicans cul-
ture (ATCC 28366)

6. Tosyl lysine chloromethyl ketone (TLCK) hydro-
chloride 50 mM in ethanol from Sigma Chemical Co.

7. Pepstatin A from a microbial source, obtained from
Sigma Chemical Co., 2 mg/ml in ethanol.

8. Buffers and solutions.

a. Potassium phosphate buffer pH 7.0, 200 mM.

b. Potassium phosphate buffer pH 7.4, 100 mM

c. Sodium acetate buffer pH 4.0, 100 mM.

d. 0.02% Hydrogen peroxide solution.

e. Absolute ethanol.

9. Guaiac impregnated paper (commercial Hemoc-
cult ®) slides).

B. PROCEDURE.

This assay is set up in two parts. The first is to deter-
mine the activity of the different proteases on the sub-
strate [Eupergit ® C-Myoglobin-HRPOJ}. The enzymes
and controls (enzymes boiled for 15 min) are incubated
with 20 mg of substrate and buffers (see quantities in
table below) for 15 minutes prior to assay.

In the second part, the enzymes are preincubated
with their respective inhibitors and appropriate buffers
for 15 mins. These are then added to the substrate and
incubated at room temp for further 15 mins.
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In both cases, the reaction mixture is centrifuged to

remove solid phase conjugate. The supernatant (5 ul) is
added to Hemoccult ®) slides and developed with 5 ul
of hydrogen peroxide.

5
COLOR
SCORE INTERPRETATION
0 NO VISIBLE BLUE COLOR FORMATION
At/ — POSSIBLE FAINT BLUE COLOR
0.25 FAINTEST BLUE COLOR DETECTABLE 10
VISUALLY
0.5 DISTINCT BLUE COLOR
1.0 DARK BLUE COLOR
2.0 DARKEST BLUE COLOR POSSIBLE IN TEST
SYSTEM
15
C. Results

1. PART I: The reaction supernatants from tubes
contatning Buffer alone at either pH 4.0 or pH 7.5 pro-
duced the only faintest color detectable when added to
guaiac slides and developed with hydrogen peroxide
developer. The same result was seen with reaction su-
pernatants from tubes containing boiled trypsin at pH
1.4, boiled Candida culture at pH 4.0, and boiled papain
at pH 7.4. A strong blue color was formed with un-
boiled trypsin at pH 7.4, unboiled Candida culture at pH
4.0, and unboiled papain at pH 7.0.

2. PART II: TLCK, a protease inhibitor capable of
mmbltmg both serine and thiol type proteases mh1b1ts
color formation by both trypsin (a serine protease) and °
papain (a thiol protease). Pepstatin, a known inhibitor of
aspartic proteases inhibits color formation by the Can-
dida albicans aspartic protease.

20

235

TABLE 35
_PART 1
Enzyme Source
(vol. = 25 ul) Buffer (vol. = 75 ul) Color score
Trypsin pH 7.4 2.0
Trypsin (boiled) pH 7.4 0.25 40
Candida culture pH 4.0 1.5
Candida boiled pH 4.0 0.25
Papain pH 7.0 1.0
Papain (boiled) pH 7.4 0.25
buffers only 0.25
45
TABLE
PART II
Inhibitor Ethanol  Buffer Color
Enzyme Solution (Control) pH, Vol. Score 50
Trypsin TLCK(10 pl) 7.4, 65 pul 1.0
Trypsin — — 74,75 ul 20
Papain TLCK(25 ul) 25pl 7.0, 50 ul 0.5
Papain — 7.0, 50 ul 1.0
Aspartic protease . Pepstatin 4.0,50 ul 0.5
(25 pl) 55
Aspartic protease — 25l 40,50 pl 1.5

D. Interpretation

Trypsin, a serine protease hydrolyzed the solid phase 60
substrate at pH 7.4, releasing soluble HRPQO which
catalyzed blue color formation on developed guaiac
slides. The same was true for the Candida albicans as-
partic protease at pH 4.0, and papain, a thiol protease at
pH 7.0. Boiling prevented HRPO release by each en-
zyme. Hence, each of the three different enzyme types
was capable of hydrolytic release of soluble HRPO
from the support under the appropriate reaction condi-

65
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tions. Neither buffers nor heat inactivated enzymes

released soluble HRPO, indicating that HRPO release
was not simply a non specific release caused by salts,

etc. in the growth medium or incubation mixture.

TLCK, a protease inhibitor capable of inhibiting both
serine and thiol type proteases inhibits color formation
by both trypsin (a serine protease) and papain (a thiol
protease). Pepstatin, a known inhibitor of aspartic pro-
teases inhibits color formation by the Candida albicans
aspartic protease. Hence, by performing incubations in
the presence of known specific enzyme inhibitors or
inhibitors of specific classes of enzymes, specificity of
hydrolase detection can be attained.

The foregoing is offered for purposes of illustration.
It will be readily apparent to those skilled in the art that
the operating conditions, materials, procedural steps
and other parameters of the methods and test devices
described herein may be further modified or substituted
in ways without departing from the spirit and scope of
the invention.

What is claimed is:

1. A method for detecting candidiasis by assaying for
the presence of enzymatically active aspartic protease in
a sample, said method comprising:

(a) contacting said sample with a first solid support,
said first solid support having a peroxidase cova-
lently attached thereto through a linker molecule
selected from the group consisting of k-casein,
casein, hemoglobin and myoglobin wherein said
peroxidase is released from said first solid support
when the aspartic protease reacts with the linker
molecule;

(b) contacting said sample which remains in contact
with said first solid support with a second solid
support, said second solid support having immobi-
lized thereon an indicator, said indicator being one
which is susceptible to a detectable change upon
action of said peroxidase which is released from
said first solid support; and

(c) observing whether said indicator undergoes a
detectable change, said detectable change being an
indication of the presence of said enzymatically
active aspartic protease in said sample and thus,
candidiasis.

2. A method in accordance with claim 1 wherein said

peroxidase is horseradish peroxidase.

3. A method in accordance with claim 1 wherein said
first and second solid supports are independently se-
lected from the group consisting of cellulose, agarose,
dextran, polyacrylate, polyacrylamide and their deriva-
tives.

4. A method in accordance with claim 1 wherein said
first and second solid supports are independently se-
lected from the group comnsisting of chitin, sepharose,
oxirane acrylic beads, polymeric dialdehyde, starch,
collagen, keratin, elastin, bovine hide powder, bacterial
cell wall peptidoglycan, nylon, polyethylene tereph-
thalates, polycarbonates and controlled pore glass.

5. A method in accordance with claim 1 wherein said
indicator is a visual indicator.

6. A method in accordance with claim 5 wherein said
visual indicator is a chromogenic indicator.

7. A method in accordance with claim 6 wherein said
chromogenic indicator is comprised of a hydroperoxide
and a chromogen selected from the group consisting of
gualac, 2-2'-azino-bis(3-ethyl-benzthiazoline-6-sulfonic



5,416,003

65

acid), tetramethylbenzidine, phenol, 4-aminoantipyrine,

and 4,5-dihydroxynaphthalene-2,7-disulfonic acid.

8. A method 1n accordance with claim 7 wherein said
chromogenic indicator is comprised of a hydroperoxide
and guaiac.

9. A method in accordance with claim 1 wherein the
pH of said sample is from about 2.5 to about 5.0 to
increase aspartic protease sensitivity and specificity.

10. A method in accordance with claim 1 wherein a
protease inhibitor is added to increase specificity for
aspartic protease activity.

11. A method in accordance with claim 10 wherein
sald protease inhibitor is selected from the group con-
sisting of inhibitors of serine proteases, thiol proteases,
metallo proteases and other non-aspartic proteases.

12. A method for detecting Trichomonas vaginalis by
assaying for the presence of enzymatically active thiol
- protease in a sample, said method comprising;:

(a) contacting said sample with a first solid support,
said first solid support having a peroxidase cova-
lently attached thereto through a linker molecule
selected from the group conmsisting of k-casein,
casein, hemoglobin and myoglobin wherein said
peroxidase is released from said first solid support
when the thiol protease reacts with the linker mole-
cule;

(b) contacting said sample which remains in contact
with said first solid support with a second solid
support having immobilized thereon an indicator,
said indicator being one which is susceptible to a
detectable change upon action of said peroxidase
which is released from said solid support; and
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(c) observing whether said indicator undergoes a
detectable change, said detectable change being an
indication of the presence of said enzymatically
active thiol protease in said sample and thus, 77i-
chomonas vaginalis.

13. A method in accordance with claim 12 wherein

said peroxidase is horseradish peroxidase.

14. A method in accordance with claim 12 wherein
said first and second solid supports are independently
selected from the group consisting of cellulose, agarose,
dextran, polyacrylate, polyacrylamide and their deriva-
tives.

15. A method in accordance with claim 12 wherein

-said first and second solid supports are independently

selected from the group consisting of chitin, sepharose,
oxirane acrylic beads, polymeric dialdehyde, starch,
collagen, keratin, elastin, bovine hide powder, bacterial
cell wall peptidoglycan, nylon, polyethylene tereph-
thalates, polycarbonates and controlled pore glass.

16. A method in accordance with claim 12 wherein
saitd indicator is a visual indicator.

17. A method in accordance with claim 16 wherein
said visual indicator is a chromogenic indicator.

18. A method in accordance with claim 17 wherein
said chromogenic indicator is comprised of a hydroper-
oxide and a chromogen selected from the group consist-
ing of guaiac, 2-2'-azino-bis(3-ethyl-benzthiazoline-6-
sulfonic acid), tetramethylbenzidine, phenol, 4-
aminoantipyrine, and 4,5-dihydroxynaphthalene-2,7-
disulfonic acid.

19. A method in accordance with claim 18 wherein
said chromogenic indicator is comprised of a hydroper-

oxide and guaiac.
- * = £ %
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